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Life history and cell structure of Chlorococcum infusionum 


Harowp C. BoLp 
(WITH PLATES 32-36 AND FIVE TEXT FIGURES) 


Great advances have been made in our knowledge of the unicellular 
Chlorophyceae since the pure culture methods of Klebs (1896) and 
Beijerinck (1890) have been followed: the careful work of Chodat, Prings- 
heim, Smith, and others has shown the stability of algal species during 
long periods of observation and cultivation. There still remain numerous 
unicellular species whose occurrence, structure, distinguishing characters, 
and affinities are obscure. One of the most confused of the genera of 
Chlorococcales is the genus Chlorococcum Fries. The genus is cited by such 
authorities as West and Fritsch (1927), Printz (1927), Collins (1909), and 
Rabenhorst (1868), as having been founded by Fries (1825, p. 356), in the 
appendix of his Systema Orbis Vegetabilis. In this work there appears a 
short diagnosis (without mention of species) as follows: 


A. Chlorococcum—Granula libera, minima, colorata (viridia 1. rubra) absque gela- 
tina. Fries S. M. 1820. 
The last phrase is a citation of an earlier work by the same author, the 
Systema M ycologicum, volume 1, in which the name Chlorococcum is pub- 
lished for the first time (p. xxii), without diagnosis but based on the 
typifying species Tremella botryoides Schreber (Nostoc botryoides Agardh). 
This reference to the more effective publication in the Systema Myco- 
logicum has evidently been overlooked by the majority of systematists, 
for the date of founding of the genus is usually given as 1825; Brunnthaler 
(1915) alone has recognized its earlier publication, citing the date as 
1820.' An excellent summary of the taxonomic history of the genus is given 
by Puymaly (1924). It is important to note that the early descriptions of 
the genus Chlorococcum by Fries (1821, 1825) and Greville (1827), are not 
adequate to delimit this genus from other spherical protococcoid forms, so 
that we are compelled to base our present conception of the genus on the 
more detailed accounts of Meneghini (1842), Niageli (1849), Rabenhorst 
(1868), Famintzin (1871), Artari (1892), Bristol (1920), and Puymaly 
(1924). 


The present paper presents observations on a unicellular green alga 
which I have identified as Chlorococcum infusionum (Schrank) Meneghini, 


' The first volume of the Systema Mycologicum was not published until 1821, al- 
though the preface is dated 16 Nov. 1820. 


[THE BULLETIN FOR NOVEMBER (57: 525-576) was IssuED 25 AuGust 1931.] 
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based on pure culture methods and cytological preparations. As I have 
noted below, the organism appeared first in an old culture of undetermined 
origin. I have obtained an organism from Vermont soil cultures, similar to 
the original organism in apparently every respect, except for a slight devia- 
tion in size. I have also observed a similar form which appeared in un- 
corked bottles of weak salt solutions, which were stored in the greenhouse 
of the University of Vermont; this organism also was similar to the original 
alga. 

The genus Chlorococcum, and particularly the species C. infusionum, 
has rarely been reported in America. I have examined specimens of the 
Chlorococcum species in the Collins Herbarium at the New York Botanical 
Garden, and so far as I can ascertain from the dried material, the organism 
I have studied is essentially similar to two specimens identified as C. 
infusionum—the one by N. L. Gardner, collected in 1906 in a roadside 
trough in Berkeley, California, and the other a specimen of F. S. Collins, 
collected on grasses in a pool at Nahant, Massachusetts, in 1903. In cell 
size these specimens are in agreement with the material I have worked 
with, and their aggregation of angular cells into a loose coenobium-like 
mass seems to confirm the identification I have made. The infrequency 
with which this form has been reported may possibly be correlated with 
the great difficulty in identifying it with certainty. If one goes back to the 
original description by Schrank (1794) of his 


Lepra infusionum viridis, glomerulata, in pelliculam continuam concrescens, 


or even to his later account (1811) of Lepraria infusionum, which is usually 
cited as the first description of this species, one finds little that is satisfac- 
tory to a modern algologist. Nevertheless it is probably best to maintain 
this historic specific name as it has come down to us through the amplified 
description of Meneghini (1842) and later students. 

The work was begun at Columbia University in 1928 at the suggestion 
of Professor C. C. Curtis; I take this opportunity of expressing gratitude 
to him and also to Professor R. A. Harper for valuable criticism and sug- 
gestions; also to Professors B. F. Lutman and A. Gershoy of the University 
of Vermont for suggestions and aid in interpreting some of the cytological 
preparations. 

MATERIAL AND METHODS 

The original source of the alga is unknown; it appeared first in an old 
culture which had remained in the botanical laboratory of Columbia 
University for many years. It was growing in water filled with organic 
material, amid an abundance of Myxophyceae, bacteria, and fungi. Dilu- 
tions were made and cultures started in Poland Spring water, Knop’s 
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and Detmer’s solutions, and other solutions of inorganic salts recom- 
mended for growing algae. The cultures were grown in a north window, at a 
more or less constant temperature of 20° C. After several weeks the 
Chlorococcum had increased greatly,and platings were made on a 1 percent 
agar medium made with 0.2 per cent Knop’s solution. Within three weeks, 
growth was sufficient to be perceptible macroscopically, the algal colonies 
appearing among numerous bacteria. One of the methods given by 
Schramm (1914), was followed in obtaining pure cultures. Plates showing 
good growth were allowed to dry slightly for a week. At the end of that 
time, small colonies of the alga were transferred to vials of sterile distilled 
water. Zoospores were immediately liberated from the parent cells and 
swam to the surface of the liquid. These were removed with a platinum 
loop and spread in a drop of nutrient solution over the surface of sterile 
agar, in a petri dish. Pure cultures were obtained from these zoospore plat- 
ings. This method is probably equally adaptable to all algal forms with 
motile spores. These pure cultures were transferred repeatedly both in 
liquid and solid media, in order to obtain most natural conditions; agar 
cultures were prevented from drying by means of a silver foil cap sealed 
with vaseline. For direct observation, hanging drop cultures were em- 
ployed, and in favorable cases these could be kept in good condition for 
relatively long periods. 

Material was fixed from cultures growing rapidly both in nutrient 
liquids and on nutrient agar. For the material from liquid cultures, the 
method used by Lutman (1910) for imbedding Closterium proved very 
valuable. 

In fixing material from agar cultures, small rectangular blocks of the 
medium with the organism were cut out and dropped into the fixing 
solution; the organisms adhered to the agar throughout the following 
processes. Fixations were made at intervals in the daytime, and two series 
were conducted at half hour intervals, from nine in the evening until four- 
thirty the following morning. 

Merkel’s fluid, acetic corrosive sublimate in 70 per cent alcohol (used 
at 85° C.), Allen’s B-15 solution, Flemming’s medium solution, Flem- 
ming’s weaker solution, and Flemming’s weaker solution diluted with an 
equal quantity of water, and the chrom-acetic fixative recommended for 
algae by Chamberlain, were the fixing solutions used. Numerous trials 
showed that the Flemming’s solutions, Allen’s B-15 solution, and acetic 
corrosive sublimate gave excellent fixation without visible distortion. 

A few preparations were made by the smear method, but for critical 
work, the material was dehydrated, cleared, and imbedded in paraffin, 
sectioned at from one to five microns. Sections were stained both in Flem- 
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ming’s triple stain and in iron haematoxylin, counterstained in some cases 
with alcoholic eosin. 

Some material from each fixation was stained in both the triple stain 
and the haematoxylin, since in certain stages (cleavage and in young 
vegetative cells), the distinction between the nucleus and pyrenoid is 
made only with great difficulty with the haematoxylin, but is more 
readily demonstrated with the triple stain. 


CULTURAL CHARACTERS 


On solid media, growth is always confined to the surface of the agar 
film, and occasionally occurs between the surface of the agar and the wall 
of the vessel, when there is sufficient space to permit the entrance of air 
(figs. 1, 2, 3). The organism forms a more or less circular colony about the 
point of inoculation (figs. 2, 4). As the age of the culture increases, the 
color of the plant mass changes from a pale yellow green to a deep olive 
green. This is due to the increased number of green cells concentrated at 
a given point, and also to the numerous zoosporangia with overlapping 
zoospores. Mounts made from old agar cultures show that almost every 
cell, regardless of size, has undergone zoospore formation (fig. 7). The color 
is never any color but green, even in cultures retained for as long as two 
years. 

Multiplication of the organism takes place in agar cultures, usually by 
means of zoospores as long as the moisture is sufficient to permit their 
liberation. Mounts made from drying cultures show most of the mother 
cells filled with aplanospores which are similar to zoospores, except that 
they develop cell walls soon after they are formed and omit the motile 
stage (fig. 22). 

Disc-shaped colonies are formed on the surface of the medium by the 
swarming of zoospores in all directions from the point of innoculation. For 
example: four Petri dishes with a thin film of solidified nutrient agar (0.2 
per cent Knop’s) were innoculated once each with zoosporangia from an 
old agar culture, on February 20, 1929. The zoosporangia in the surface 
film of liquid on the agar immediately burst, liberating many zoospores. 
These swam about in the liquid surface film, and spread to considerable 
distances from the original point of innoculation. Thirty hours after in- 
noculation the majority had become quiescent and collected in small 
groups here and there on the surface of the agar. By February 24, these 
quiescent zoospores increased in size to almost the size of their parents (as 
far as could be determined under a 16 mm. objective), and by February 
25 had themselves formed zoospores which were liberated in the morning. 
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Meanwhile the thin agar films had dried considerably and the surface film 
of water was no longer continuous over the entire surface of the agar, but 
confined to small droplets which collected about groups of what were the 
original zoospores. Therefore this second generation of swarmers was more 
limited as to the area over which it could become dispersed. These zoo- 
spores became quiescent within approximately twenty-four hours and be- 
gan their development. By March 2, these in turn had enlarged and under- 
gone cleavage, so that a third generation of zoospores was liberated. These 
last zoospores were still further limited as to the possible radius of motility, 
due to continued drying. Observations ceased after this point. Growth by 
this time was sufficient to be perceptible macroscopically. Increase in 
numbers in moist cultures is always effected by this method. Examinations 
of the disc-shaped colonies always show a predominance of old cells or 
zoosporangia in the center, and proceeding outward towards the margin 
of the colony a progressively greater predominance of younger cells. 

After the culture has dried, multiplication is effected by aplanospore 
formation, the large mother cells undergoing cleavage as if in preparation 
for zoospore formation. The daughter protoplasts, however, are retained 
within the mother cell membrane, where they develop walls and continue 
their growth into mature vegetative cells; the mother cell membrane usu- 
ally disappears, owing to the pressure caused by their growth. This process 
is in turn repeated in the daughter cells, so that in dry cultures there may 
appear small mounds of cells above the surface of the substratum, which 
are composed of extensive cell complexes. If these cultures are moistened, 
zoospore formation is again initiated; this can be shown by cutting out a 
small block of agar with aplanosporangia, and mounting in water on a 
slide. The aplanospores develop cilia, are liberated from their walls and 
swarm, in the same way as zoospores. Many empty mother walls may be 
seen containing the empty walls of the aplanospores. 

In liquid cultures, the alga forms a thin film over the surface of the 
liquid, and a ring on the sides of the dish, which may extend as far as a 
centimeter above the water level, in the surface film of moisture on the 
glass. This is an expression of either the pronounced positive aerotactic 
or thigmotactic response of the zoospores, when they are set free. Multi- 
plication in liquid cultures of low nutrient content is in general by means of 
zoospores. These are set free in undisturbed cultures in the morning, as a 
result of the previous evening’s cleavage; examination of a drop of liquid 
from such cultures early in the morning usually reveals numerous swarm- 
ers. In solutions of higher concentration multiplication is by means of 
aplanospores. 
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CELL STRUCTURE 

Cell size and form. The cells when isolated are globose to spherical in 
form (fig. 11). Isolated cells are most often found in the water at the bot- 
tom of liquid cultures. They are probably cells which have sunken from the 
surface film and come to rest on the bottom of the dish. It is of interest to 
note that such cells are usually filled with starch reserve, and it is probable 
that the change in specific gravity may be correlated with loss of buoyancy. 
Cells in the surface film present quite a different form from those at the 
bottom of the culture. They are always associated to form a flat expanse 
of polyhedral cells (figs. 5,6,7,8,9,10). In young cultures where this sur- 
face layer is one cell thick the cells appear hexagonal in optical section, the 
sides of the hexagons forming 120° angles (figs. 8-10). The polar cell sur- 
faces are curved. This is a direct response to the crowded conditions in 
which the cells grow. Cells separated from the mass readily assume the 
spherical form. Figures 7,9, 10 show aggregations of cells from a surface 
film. The surfaces of cells which are in contact with other cells are flattened, 
while the free cell surfaces remain rounded. Each cell in this aggregate 
could become spherical if separated entirely from the mass. In older cul- 
tures where the surface layer of the culture is composed of several super- 
imposed cell expanses the tangential surfaces of the cells are flattened as 
they are in a single layer, but the polar walls which are in contact with 
other cells are also flattened in this case. As Famintzin (1871) notes, these 
expanses of angular cells are precisely similar to what Kiitzing (1843, 1845, 
1846) described in his Limnodictyon Roemerianum, so that there may be 
some justification for considering the latter synonymous with or a variety 
(Brunnthaler, 1915) of Chlorococcum infusionum. 

Cell size varies from 9 to 40 microns in diameter; cleaving cells most 
often measure between 18 and 30 microns; larger cells are less numerous. 
In measuring angular cells, the diameter was considered to be the distance 
between poles. Immature cells, i.e., developing zoospores, range from 2.8 
microns upwards. 

The cell wall. The protoplast is bounded externally by two layers (fig. 
12): the innermost layer is composed of cellulose and the outer is of 
mucilaginous nature. The cellulose wall is thin in younger cells, but 
thickens slightly as the cell grows older. Adjacent to this on the outer side 
is a layer of hyaline mucilaginous material, which is itself clearly delimited 
from the surrounding medium (fig. 12). In cells treated with iodine and 
sulphuric acid, the inner membrane swells slightly and stains deep purple- 
blue. The outer layer is not altered except for the fact that its lamellate 
structure, often seen with some difficulty in the living condition, becomes 
more clearly visible. It is of interest to note that the material forming the 
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so-called ‘striations’ between the lamellae also stains various shades of 
blue; those nearer the inner membrane stain deeper and become progres- 
sively lighter blue, proceeding from the innermost lamella outward. The 
lamellae themselves remain unstained. Figure 12 is a semi-diagramatic re- 
presentation of a cell immersed in iodine and sulphuric acid. A slight 
shrinkage of the protoplast has occurred, presumably as a result of the 
acid. This cell has unusually thick bounding membranes, and consequently 
illustrates the structure very clearly. Occasionally the outermost stria- 
tions appear more delicate and are not so sharply continuous as in the 
present case. 

Similar reactions occur in cells treated with chlor-zinc-iodide. From 
these results I have concluded that the inner membrane, adjacent to the 
protoplast, is composed of cellulose. The differential staining in the outer 
layer, of the lamellae and the material between them, is of interest. 
Beijerinck was of the opinion that the slime layer of some acetic acid 
bacteria showed in tests a decided affinity with cellulose. The staining re- 
action of the outer layer of the cells of Chlocococcum infusionum apparently 
substantiates this view. It is probable that the mucilaginous material is a 
product of hydrolysis of cellulose, and that the material between adjacent 
lamellae represents an ‘interphase’ in which hydrolysis has not progressed 
as far. There is further support for this view in the behavior of the cellulose 
inner wall during cleavage, at which time the cellulose wall of the cleaving 
cell becomes transformed into a gelatinous substance to permit the escape 
of the zoospores. 

In fixed, sectioned, and stained material, the wall appears as a homo- 
geneous zone outside of the chloroplast, and in the triple stain stains lightly 
with Orange G. In general, as noted above, the bounding membranes of 
young cells are thinner (figs. 13, 14) and they increase in thickness as the 
age of the cell increases (figs. 5-8). In the vegetative cells, developing after 
the zoospores become quiescent, the cellulose wall appears as an extremely 
delicate, orange-staining film, most clearly seen where the protoplast 
shrinks slightly from the wall. 

The chromatophore. The chromatophore, in all accounts of Chloro- 
coccum, is described as parietal and as either completely or partially cover- 
ing the inner surface of the plasma membrane. Nigeli (1849) and Famint- 
zin (1871) observed cells in which the chlorophyl was continuous, and 
other cells in which there was an opening, or colorless area where chloro- 
phy] was absent. I find a similar variation; apparently the presence or ab- 
sence of this opening is not a fixed character. In swarming zoospores the 
chlorophy]l is confined to a plate or band-shaped zone, which may more or 
less completely cover the inner surface of the plasma membrane (figs. 13, 
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36-38). As the zoospore develops into a mature cell, the area where chloro- 
phyl is present gradually increases until the entire periphery of the cell 
contains chlorophyl, or a small colorless area may remain. Figures 13-18 
show a series of stages in the development of a zoospore. The chlorophyl 
appears to increase in amount and diffuse superficially through the cyto- 
plasm as the cell grows, until only a small area of colorless cytoplasm is 
left (fig. 18). This is continuous with cytoplasm which fills the interior of 
the cell. This is clearly shown in preparations fixed in corrosive sublimate, 
which preserves the chromatophore plainly. Figure 23 shows such a cell, 
which is not quite mature and in which the opening of the chromatophore 
is still quite large. This cell corresponds approximately in its stage of de- 
velopment to the living cell shown in figure 16. The colorless cytoplasm is 
often very watery and may contain several small vacuoles and many oil 
droplets (figs. 11, 27). 

The structure of the chromatophore is most clearly demonstrated in 
cells which are packed with so called ‘stroma starch’ grains. The starch 
occurs in the form of minute ellipsoidal or wedge-shaped grains, as shown 
in figures 23, 26, and 48; these grains are always imbedded in the material 
of the plastid, and never found in the colorless cytoplasm. In triple stained 
preparations they stain with avidity with gentian violet, giving the entire 
chromatophore a purple tinge, so as to delimit it sharply from the color- 
less cytoplasm, which stains light yellow. 

Often the chromatophore is filled with very numerous minute oil 
droplets, which are readily blackened with osmic acid, and stain sharply 
with Sudan III. Bristol (1920) and others note that cells of Chlorococcum 
develop droplets of red oil which give the cells a dark brown appearance. I 
cannot identify these small oil droplets present in the chromatophore with 
those reported above, since I have never found them to be colored. In 
fixed and stained preparations the oil droplets are removed by the alcohols 
and clearing agents, so that the chromatophore often appears alveolar. 

The pyrenoid :its relation to starch formation. The pyrenoid is a character- 
istic structure present in algal cells, but as to its nature and functions, con- 
siderable divergence of opinion exists. Schmitz (1884) showed that the 
pyrenoid is a spherical, proteinaceous body, which lies imbedded in the 
substance of the chromatophore, just as the nucleole is imbedded in the 
nucleus. He associated starch formation with the pyrenoid, but held the 
view that while the starch is formed from that body, it is formed in the 
surrounding cytoplasm from the material of the pyrenoid, but not in the 
pyrenoid itself. Similarly, Meyer (1883), describing the pyrenoid as some- 
times angular, is inclined to the view that it is merely a proteinaceous de- 
posit. Schimper (1881), investigating simultaneously with Schmitz and 
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Meyer, came to the conclusion that the pyrenoid is of the nature of a 
protein crystal, and agreed with Schmitz as to its relation to starch forma- 
tion. The recent voluminous review of the literature of this subject by 
Czurda (1928) renders it undesirable here to do more than emphasize the 
particular papers of most interest in connection with the present study. 

Chmilewskij (1896), from his study of the pyrenoids of Zygnema and 
Spirogyra, concludes that they are definitely organized cell structures. He 
finds that they always divide at cell division, but he is not specific as to 
how they are associated with starch formation. Dill (1895) finds a similar 
division of the pyrenoid at cytokinesis in Pyramimonas. A more definite 
account of the relation of the pyrenoid to starch formation in H ydrodictyon 
is given by Timberlake (1901), who is able to show, in cytological prepara- 
tions, that the pyrenoid consists of a central protein mass, from which 
tangential segments are apparently successively cut off. These pieces, 
pushed out into the cytoplasm by the continued segmentation of the 
original protein mass, are progressively changed to starch. The staining 
relations bring out this sequence, the central proteinaceous mass taking 
the safranin brilliantly, and the segments proceeding centrifugally from the 
center staining in progressive stages of red, gray, purple, and finally blue. 
These segments, cleft from the original pyrenoid body, develop into starch 
grains. 

McAllister (1914) describes the compound pyrenoid of Anthoceros as 
consisting of ‘from 25 to 300 closely aggregated disc or spindle-shaped 
bodies which I have called pyrenoid bodies.’ He finds that the outer 
‘pyrenoid bodies’ of this compound structure become directly transformed 
into starch grains. He describes the differential staining of pyrenoid and 
starch as similar to that in H ydrodictyon. 

Smith (1914) finds in Scenedesmus that the pyrenoid is either angular 
or spherical and that under certain conditions it may be surrounded by a 
peripheral layer of starch segments which have been cleft off from the 
pyreno-crystal. He further finds that during autocolony formation, the 
original pyrenoid is transported to one of the four daughter cells and 
pyrenoids arise de novo in the other three. In Tetradesmus Smith (1913) 
finds a circular layer of starch segments surrounding the pyrenoid. Here 
also he describes a similar origin of pyrenoids de novo, in the cells of the 
auto-colony. In Characium (1916a) he is unable to show the origin of starch 
from the pyrenoid, but finds numerous starch grains present just within 
the plasma membrane. He assumes, on the basis of Timberlake’s work, 
that these are the so-called ‘stroma starch grains,’ which have migrated to 
the periphery because of their lightness. He reports the disappearance of 
the pyrenoid during cleavage, and the formation of a pyrenoid de novo in 
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the daughter protoplasts. In Pediasirum (Smith, 1916b), the pyrenoid is 
surrounded by a layer of thin, curved starch plates. He finds, as did Lut- 
man (1910) in Closterium, that the pyrenoid body during starch formation 
is not always homogenous but stains unevenly. In Pediastrum also the 
pyrenoid disappears during the earlier stages of cleavage and each daughter 
cell develops one de novo. 

Miss Bourquin (1917) who re-investigated the pyrenoid and plastid 
of Zygnema, reports that starch is formed, not from the pyrenoid, but 
arises in the form of small grains at the periphery of the chloroplast. Her 
results are diametrically opposed to those of Chmilewskij, in respect to the 
same material. 

Miss Carter (1926) has given an account of the structure and behavior 
of the pyrenoid during cleavage in Ulva and Monostroma, but is concerned 
primarily with the nuclear divisions which precede cleavage, and has not 
studied starch formation. She finds that the pyrenoid behaves in two dis- 
tinct ways prior to cleavage. It may fragment into small pieces, each of 
which is capable of reorganizing into a new pyrenoid in the daughter cells, 
or it may dissolve as shown by its loss of staining capacity, and what re- 
mains of it at the end of cleavage may be transferred to one of the daughter 
protoplasts. Pyrenoids arise de novo in the others. 

Recently Kater (1929) has reported interesting observations on the 
pyrenoid of Chlamydomonas nasuta. He reports and emphasizes the fact 
that the pyrenoid does not lie imbedded in the chloroplast, but lies in the 
colorless cytoplasm with the nucleus. The pyrenoid core he has demon- 
strated to be reticular and not homogeneous as it has been generally de- 
scribed. Surrounding the pyrenoid is a hyaline area of variable extent. He 
finds that ‘this part contains the starch, which, supposedly, is formed by 
the pyrenoid.’ This hyaline zone is traversed by radial strands. During 
nuclear and cell division the pyrenoid core becomes transformed into a 
cytoplasmic alveolus, as does each of the starch segments surrounding it. 
After cytokinesis a pyrenoid, with a starch ring, arises de novo in each of the 
daughter cells, by the condensation of material in a cytoplasmic alveolus. 

In Chlorococcum infusionum each cell contains a pyrenoid, which is the 
most conspicuous feature both in living cells and stained preparations. It 
stains densely with the safranin of the triple stain and with haematoxylin 
(figs. 23-26). Often a cell may contain two pyrenoids, one of which is gener- 
ally smaller than the other (fig. 30). The presence of two pyrenoids may 
result if a zoospore receives two pyrenoid fragments during cleavage. At 
certain times the pyrenoid assumes an elongated, constricted or dumb-bell 
shaped form (fig. 55) similar to the pyrenoids of Characium, and the pyre- 
noid often appears to have been divided by constriction (fig.56). It is possi- 
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ble, as Smith suggests, that these figures may represent a division of the 
pyrenoid similar to the division Chmilewskij (1896) has described for Zyg- 
nema, but I have been unable to trace the further development of these 
elongated and divided pyrenoids. 

The pyrenoid body of Hydrodictyon, according to Timberlake, assumes 
a spherical shape only during periods of relative inactivity. In pyrenoids 
from which starch is being rapidly formed, the central mass is always of an 
angular or irregular shape because of its segmentation. In the cells of 
Chlorococcum infusionum, the pyrenoid is almost never completely spheri- 
cal if the cultures have been standing in the light, that is, if starch forma- 
tion is taking place. It consists either of a more or less irregularly lobed 
structure (figs. 18, 24) or seems to be compound (figs. 43, 45, 46, 50, 54) 
and made up of separate pyrenoid bodies or fragments of one pyrenoid 
body (figs. 50, 51). 

Surrounding the pyreno-core is a hyaline zone which has been reported 
for every other alga cytologically investigated (figs. 39 to 59). This zone 
apparently contains a watery substance without affinity for any stain. 
Occasionally it appears to be faintly stained with the Orange G, but I can- 
not say definitely whether this appearance may not be due to a reflection 
of the stain of the general cytoplasm. This observation is of interest in 
view of Denniston’s (1907) observations on the structure of starch grains, 
in which he notes that there is a ‘specially differentiated orange staining 
layer’ present between the starch and the plastid, both in growing and cor- 
roded grains. He is inclined to the view that this orange layer is a transition 
zone, chemically different from the starch. As I shall point out later, there 
is apparently evidence that the hyaline or faintly orange staining zone 
between the pyrenoid and starch ring in cells of Chlorococcum is a transi- 
tion zone, in which the final stages of hydrolysis of the protein fragments 
of the pyrenoid body take place, and in which a more or less soluble carbo- 
hydrate is formed, which is ultimately deposited in the surrounding cyto- 
plasm in the form of starch. 

The hyaline zone is usually bounded on the periphery in all cells from 
well lighted cultures by a thinner or thicker layer of starch (figs. 16, 19, 
23-30). This sheath of starch always stains blue with the gentian violet. 
In some cases the starch sheath is very delicate (figs. 43, 45, 52), and might 
be easily overlooked in superficial examination. In other cases it may reach 
three fourths of a micron in thickness (figs. 39, 40, 51, 54). I have never 
found more than one ring of starch around the pyrenoid. 

The starch sheath appears to be very finely granular and is composed 
either of a continuous structure like a hollow sphere, or it may be composed 
of several segments of a sphere, of variable thickness. This is best seen in 
optical section. 
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No one since Timberlake has been able to show definitely that the 
starch segments have a genetical relationship to the proteinaceous pyre- 
noid crystal. Lutman (1910) describes the pyrenoid of Closterium as 
cracked along planes which would correspond to the sectors of starch 
grains, but cannot show definitely that these pieces of pyrenoid which are 
separated from the main body of the pyrenoid by a fissure, become di- 
rectly of their own substance transformed into starch grains. 

In Chlorococcum I have observed so far no direct transformation of a 
pyrenoid segment into a starch grain. I find numerous cases (figs. 23, 24, 
26, 40, 43, 46, 49, 53) where the pyrenoid is cleft either into two or nu- 
merous parts, but I have been unable to follow their migration from the 
pyrenoid to the cytoplasm and their direct transformation into starch as 
reported in the case of Hydrodictyon. I have observed that usually these 
segments which are cleft from the pyrenoid may withdraw slightly from 
the main body, whereupon they decrease in size and their staining reac- 
tion changes (figs. 39, 40, 44, 46). Instead of staining a brilliant red, they 
take a dull reddish-purple stain. It is my opinion that these segments 
dissolve and are present in the hyaline zone in soluble or slightly soluble 
form, which explains their incapacity to be heavily stained. In my opinion 
in this hyaline zone there takes place the transformation of the proteina- 
ceous pyrenoidal material into a soluble carbohydrate, which is finally 
deposited in the surrounding cytoplasm to form the starch sheath. 

Unfortunately, the morphological changes involved in starch formation 
have not been directly corroborated by a chemical explanation. Timber- 
lake (1901) was of the opinion that starch formation involved the hydroly- 
sis of a protein: 

The fact that, as seems to be well established by various observers, the pyrenoid 

is of a proteid nature, and that a portion of it—at least in H ydrodictyon— is converted 
into starch, suggests that the process involves the breaking down of a proteid into a 
carbohydrate. 
As to the actual steps in chemical transformation we know very little. It is 
possible to conceive of the protein molecule as extremely complex, having 
many ‘side chains,’ which may be added to and disassociated from the 
protein molecule. We can conceive of the protein molecule as a ‘carrier’ 
of carbohydrate side chains which may at times be cut off. (This concep- 
tion of the protein molecule as a ‘carrier’ is well illustrated in the case of 
haemoglobin in the blood which is carried by the protein molecule.) It may 
well be that in the present instance the carbohydrate ‘side chain’ is ‘cut 
off’ and diffuses out evenly in all directions away from the main aggrega- 
tion of protein molecules (the pyrenoid body). 

The cytological evidence in this alga makes the ‘side chain’ hypothesis 
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seem to be very plausible. The conception of the protein molecule as a 
‘carrier’ is visibly expressed here and the pyrenoid (the particular protein 
molecule under discussion) does not disappear nor in fact ever decrease 
materially in size. 

Starch formation in Chlorococcum infusionum, and perhaps in all the 
other forms investigated, where there is no obvious progressive transfor- 
mation of the pyrenoid material into a carbohydrate, seems possibly to 
suggest that carbohydrate ‘side chains’ are lost by the protein molecules 
of the pyrenoid body. These carbohydrate ‘side chains’ may be present in 
the hyaline zone in a soluble form and appear finally in the protoplasm 
surrounding this zone as the carbohydrate, starch. 

The pyrenoid is plainly dependent on light for starch formation. Cul- 
tures of the alga were left in darkness for periods up to five days; fixations 
were made after various periods of growth in darkness. Preparations show 
all stages in the disappearance of the central body (figs. 57-59). It loses its 
red-staining capacity and at first stains a little darker than the surrounding 
cytoplasm (figs. 57, 58), and finally so pale as to be hardly visible. In 
several cases the starch ring remained as a narrow zone which stained bril- 
liantly after the pyrenoid disappeared, but generally the starch was com- 
pletely used during the period of darkness. Lutman (1910) observed a simi- 
lar phenomenon in darkened cultures of Closterium. 

In Hydrodictyon, Timberlake demonstrated clearly, in my opinion, 
that all starch present in the protoplasm has its origin in the pyrenoid. 
Smith (1916a) shows that the starch in Characium migrates centrifugally 
from the pyrenoid to the plasma membrane. I have found, usually from 
cultures in which reproduction was almost at a standstill, numerous cells 
of Chlorococcum infusionum in which the protoplast was filled with grains 
of so called ‘stroma starch’ of Klebs, as in figures 23, 26, 48. The relation 
of this ‘stroma starch’ to the pyrenoid is not evident except in carefully 
stained preparations. I have noted above that the pyrenoidal starch ring 
is not always continuous, but often separated into several segments. In 
cells with ‘stroma starch,’ such as those shown in figure 48, the starch ring 
is usually not continuous but cleft into two or more segments, whose tan- 
gential portions show fissures which result in the separation of small starch 
masses; in figure 54 several ‘stroma starch’ grains are separating off from 
the pyrenoidal starch ring. These apparently migrate centrifugally, as 
Smith has shown in Characium. Their origin in the pyrenoid starch ring is 
further established by their shape, which is identical in grains still attached 
to the ring and those which have migrated out. My observations on Chloro- 
coccum infusionum substantiate the conclusion of Timberlake and Smith 
that all starch in algal cells with pyrenoids originates from the pyrenoid. 
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REPRODUCTION 

Asexual multiplication in Chlorococcum, as Niageli (1849), Famintzin 
(1871), Artari (1892), and Bristol (1920) have shown, is effected in two 
distinct ways, depending largely on environmental conditions. Niageli ob- 
served the formation and liberation of non-motile gonidia. Puymaly (1924) 
attributes Niageli’s failure to observe zoospores in Chlorococcum to the 
heterogeneous mixture of protococcoid algae in his culture. Famintzin 
describes and figures zoospore formation, and the production and develop- 
ment of ‘eine grosse Menge unbeweglicher Kiigeln,’ the former produced in 
weaker solutions, and the latter in nutrient solutions of higher concentra- 
tion: both types are formed by a simultaneous division of the mother cell. 
He describes the zoospores as being elongated and after a period of motility 
as coming to rest and developing until they reach the size of the mother 
cell, whereupon they themselves undergo cleavage. The non-motile repro- 
ductive cells, according to Famintzin, are formed in a similar way; they 
may begin their development while still enclosed in the mother cell wall, 
or may first be set free. Even after being set free they often hang together 
in clumps and by further internal cleavage, may build up cell aggregations 
of considerable complexity. Famintzin’s observations were made on Chloro- 
coccum infusionum, and no sexual reproduction is reported. Artari’s later 
contribution to the knowledge of Chlorococcum is also based on observa- 
tions of C. infusionum, in which he describes reproduction by zoospores, 
and by non-motile cells which are similar to those described by Famintzin. 
There is however, one point of disagreement: Artari emphasizes the point 
that the reproductive cells arise by successive divisions in a mother proto- 
plast into two, four, eight or more cells; Famintzin, on the other hand, 
describes the process as one of simultaneous cleavage of the mother proto- 
plast. Artari adds details as to the structure of the zoospores, namely the 
presence of a single nucleus and pyrenoid, 2 cilia, an eye spot, and 1 or 2 
(?) contractile vacuoles; the zoospores are set free by the bursting of the 
mother cell membrane which is clearly composed of two layers. He also 
notes that older cells are always multinucleate, and finally that reproduc- 
tion is never by cell division but always by endogenous divisions to form 
either zoospores or gonidia. A more modern cytological account of Chloro- 
coccum is presented by Miss Bristol (1920) for C. humicolum, which is, ac- 
cording to Puymaly and others, synonymous with the Cystococcus humt- 
cola of Nageli (1849) referred to above. She records for this species also, the 
production of biciliate zoospores and non-motile gonidia, noting that the 
latter are really zoospores which omit a motile stage. Zoospores are formed 
by successive bi-partition of the mother cell contents into eight, sixteen, or 
an indefinite number of portions. The aplanospores or non-motile repro- 
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ductive bodies, on the contrary, according to Miss Bristol, arise as a result 
of a preliminary nuclear multiplication (by constriction), following which 
each nucleus becomes the center of a mass of cytoplasm. The delimited 
individual aplanospores become angular by compression, and are finally 
liberated by the rupture of the mother cell membrane, and may remain 
associated in jelly in somewhat of a palmelloid condition. Her account does 
not make clear why aplanospores, which differ from zoospores only in the 
omission of a motile period, should differ so much in the method of their 
formation from the latter motile bodies. Conjugation of motile cells and 
formation of zygospores are described and figured. Puymaly (1924) re- 
ports three cases of conjugation and zygospore formation, also for Chloro- 
coccum humicolum, but gives no details of zoospore formation. 





Figs. 1-4. The same vegetative cell drawn at intervals during cleavage to form 
zoospores. In fig. 1 the protoplast has withdrawn slightly from the wall and has an 
irregular boundary; 7:55 p.m. In fig. 2 the first indication of a surface furrow is shown, 
with furrowing just beginning at other points at the surface; 8:40 p.m. Fig. 3, drawn 
at 9:35 p.m.; the furrows are meeting, isolating portions of the chromatophore. Fig. 4, 
Cleavage complete, six zoospores visible in the upper focus; 10:40 p.m. 


I have been able to confirm in general the descriptions of zoospore for- 
mation and production of non-motile reproductive cells referred to above, 
in my study of living and fixed and stained cells of C. infusionum; in 
several rather important details my observations are at variance with 
those of Artari for the same species, and those of Miss Bristol for C. humi- 
colum. 

Multiplication by zoospores. The predominant method of multiplication 
in C. infusionum is by means of zoospores, which arise through the endo- 
genous division of the contents of a vegetative cell. In living cells the first 
indication of zoospore formation is a slight contraction of the protoplast 
from the cellulose membrane (text fig. 1), followed by a gelatinization of 
the cellulose wall. In undisturbed cultures cleavage generally occurs be- 
tween the hours of seven in the evening and three in the morning. Cultures 
examined during this period show all stages in the process, from the forma- 
tion of the inner gelatinous vesicle to the the final products of division. 
Text figures 1-4 are camera lucida drawings of the same cell at critical 
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stages in the process. The pyrenoid or pyrenoids disappear before the ini- 
tiation of cleavage. It is very difficult to follow the exact fate of this body 
but the cytological evidence seems to show that it fragments into a num- 
ber of pieces. There appear throughout the surface of the chromatophore 
narrow areas (text figs. 2,5) which appear clear and watery, gradually ex- 
tending both internally and peripherally isolating small islands of the cyto- 
plasm, each with a portion of the chromatophore. These clear spaces ap- 
pear distinctly as invaginations near the surface, but toward the interior 
become narrower so as to appear as rather delicate lines (fig. 31). These 
small islands of cytoplasm are at first angular, but later develop rounded 
margins (text figs. 3, 4) and finally become elongated and oval (text fig. 4). 
They seem to contract somewhat and become separated from each other 
by greater distances. They remain in this condition in undisturbed cultures 
until early morning, when they are liberated as zoospores. 

At the time of liberation and immedi- 
ately before, each zoospore is equipped 
with a small pyrenoid at the lower end 
of the chromatophore, a lens-shaped 
stigma imbedded peripherally, near the 
anterior end of the chromatophore, two 
cilia which originate at the anterior end, 
and a single minute nucleus (figs. 13, 20, 
21, 36, 38). 

Shortly before their escape, these 
small protoplasts show slight signs of 

Fig. 5. A larger cell than that motility. At first the motion is very 
shown in figures 1-4 undergoing feeble and consists merely of a gliding 
cleavage. Note the broad surface . " cite 
fenenr ceemais OP dhaned. ‘Tits movement of the cells, but later the cilia 
zoosporangium produced approxi- begin to beat rapidly and the interior of 
mately 38 zoospores. the zoosporangium is transformed into a 

cluster of motile zoospores. During this 
phase of their movement the zoospores are seen to lie in a sac of jelly, of 
an almost liquid consistency, which is bounded externally by the gela- 
tinized cellulose wall. This gelatinous vesicle is stretched peripherally as 
the zoospores struggle to free themselves; finally sufficient pressure is set 
up to burst the outer gelatinous membrane of the cell at one point (fig. 21). 
The inner gelatinous sac with the zoospores is dislodged into the water; 
here they become still more active as the gelatine dissolves, and finally are 
set free into the surrounding medium. It often happens that the outer 
membrane does not open sufficiently to permit the extrusion of the gela- 
tinous vesicle and in this case the zoospores often escape singly or in small 
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groups, and occasionally one or two may be left behind, where they may 
become quiescent and complete their development. 

The number of zoospores produced in a zoosporangium and especially 
their size is exceedingly variable, being largely dependent on the size of the 
mother cell; the size and number produced are correlated with its size. In 
cultures where zoospore formation is proceeding rapidly, even the smaller 
cells undergo cleavage (figs. 7, 19), and very small zoospores, 2.0—3.5 mi- 
crons long, are produced. These swim about like the larger individuals 
and are able to complete their development into mature cells. From two to 
over forty zoospores may arise from a single sporangium, depending on its 
size. In cells 18-20 microns in diameter, 12 to 24 spores is the normal range. 
In smaller cells a correspondingly smaller number is normally produced. 
Both Artari (1892) and Famintzin (1871) report the number of zoospores 
as always a multiple of two but I have been unable to confirm this. 

It is of interest to compare zoospore formation in living cells with 
material fixed, sectioned, and stained. For this purpose material was fixed 
from cultures both in liquid and on agar, as noted above. The first indica- 
tion of cleavage in fixed material is the multinucleate condition (fig. 27). 
Artari finds that as the zoospore develops, the nucleus divides so that in 
mature vegetative cells there are always many nuclei, a condition similar 
to that existing in H ydrodictyon. I find that in every case the multinucleate 
condition is a direct forerunner of cleavage. In the same culture vegetative 
cells of the same size may be either uni- or multinucleate, depending on how 
soon cleavage is to follow. Miss Bristol (1920) accepts West’s (1916) state- 
ment that the mature cells of Chlorococcum are coenocytic, especially those 
of C. humicolum. In preparations made from material fixed from cultures 
where many cells were cleaving, I have found many nuclei in the spireme 
condition (fig. 25) but no later division stages clear enough to merit dis- 
cussion. The nuclei are exceedingly minute after the divisions preceding 
cleavage, having a diameter of 0.75—1.0 micron. They assume a peripheral 
position in the cell (fig. 27). 

The pyrenoid at this stage begins to disintegrate by fragmentation 
(fig. 28). The central proteinaceous mass is cleft into numerous spindle- 
shaped segments which are distributed in the cytoplasm (figs. 29-31). At 
about this time, the cellulose wall becomes gelatinous, and in section ap- 
pears as a thin layer stained faintly with gentian violet, and is colorless in 
haematoxylin; there is a slight shrinkage of the protoplast from the wall. 
Then, on the periphery of the protoplast, cleavage furrows appear (fig. 
31). These furrows are at first broader at the periphery, but become nar- 
rower as they cut through the protoplast, appearing as fine lines, but finally 
become the same width throughout their extent. They follow a curved 
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path through the protoplast and isolate small regions of the cytoplasm, 
each with a nucleus and a pyrenoid fragment. In this way the entire con- 
tents of the mother cell is cleft into uninucleate masses. These delimited 
protoplasts then become angular, later round off somewhat, and finally 
elongate before liberation. 

The liberated zoospores are from 2 to 6 microns in length and from 2 
to 3 microns in diameter. They are oval to fusiform in shape (figs. 6, 13, 
19, 36-38), and are biciliate, the cilia arising from a disc-shaped blepharo- 
plast at the anterior end of the cell (figs. 36-38). The motile apparatus is 
easily observed after treatment with osmic acid and staining with acid 
fuchsin. The cilia are approximately equal in length to the body of the zoo- 
spore. They curve out from the point of attachment in the form of a nar- 
row U. The chromatophore is a parietal band running half way around the 
cell, and it may be occasionally broader at the posterior end. At the pos- 
terior end of the chromatophore is a small pyrenoid which may show a very 
delicate starch sheath. The nucleus lies in the colorless cytoplasm nearer 
the anterior end of the cell. I have been unable to observe a rhizoplast 
connecting the nucleus and blepharoplast, as Kater (1929) reports in 
Chlamydomonas nasuta, and Timberlake (1902) for swarm spores of H ydro- 
dictyon. At the anterior end of the chromatophore there is imbedded a small 
lenticular stigma and I have also seen one or two small, refractive droplets, 
out because of the minuteness of the zoospore I have been unable to see if 
they pulsate; contractile vacuoles have been reported in the zoospores of 
Cladophora, Chlamydomonas, etc. I have observed variation in the shape 
of the zoospore, motile protoplasts with two pairs of cilia (the cilia at 
opposite poles), two chromatophores, stigmata and nuclei, occurring prob- 
ably as a result of irregular cleavage. 

The literature and phenomenon of cleavage and spore formation have 
been extensively reviewed by Harper (1899) and more recently by Schwarze 
(1922). The former describes and figures spore formation in Synchytrium 
decipiens, Pilobolus, and Sporodinia as a process of progressive cleavage. 
Subdivision of the initial sporangial cell to form spores, in each case, is 
accomplished by surface furrows which cut through the spore plasm, cleav- 
ing it into smaller portions until the spores are cut out. In Synchytrium 
and Pilobolus Harper points out that the uninucleate protoplasts which at 
first are delimited represent only a phase of the cleavage process. These 
protospores, as he calls them, enter upon a period of growth, during which 
the single nucleus multiplies to form many. Nuclear multiplication is fol- 
lowed in the case of Synchytrium by the formation of walls about the 
protoplasts, which now round off and are ready for distribution. In Pilo- 
bolus the period of nuclear multiplication is followed by cell division 
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through constriction, which results in the ultimate formation of binucleate 
spores. Cleavage in Sporodinia results in the cutting out of multinucleate 
protoplasts which round off and develop walls and are immediately ready 
for distribution as sporangiospores; the process in Sporodinia is more ab- 
breviated than in Synchytrium or Pilobulus. Zoospore formation in Chloro- 
coccum infusionum shows similarity to the process described by Harper in 
the sporangia of Sporodinia, but in Chlorococcum the cleavage furrows de- 
limit uninucleate segments, which are distributed as zoospores. 

Behavior of the zoospores. As noted above, the zoospores are finally set 
free into the surrounding medium, and enter upon a period of motility 
which is of surprising length, in view of the observations on the motile 
cells of other forms. West (1916) states that the length of motility is 
usually not more than several hours. Hazen (1899) found that the micro- 
zoids of Sphaerella lacustris were motile only through the day on which 
they were formed. (These, however, have since been found to be gametes.) 
I have observed the zoospores of Chaetomorpha aerea to be motile for not 
over six hours. The zoospores of Chlorococcum infusionum may retain their 
motility for periods in excess of thirty-six hours. 

Light plays an important rdéle in the direction of zoospore motility. If 
hanging drop cultures containing motile zoospores are darkened, motility 
ceases almost completely, being confined to very feeble movement of in- 
dividuals in a small area, but if these cultures be returned to the light, the 
zoospores again enter on a period of rapid movement, always concentrat- 
ing at a point nearest the source of illumination. 

Temperature is an important factor in the liberation of zoospores from 
the zoosporangia. Other conditions being the same, a slight change in tem- 
perature, either from a lower to higher, or vice versa, is a sufficient stimu- 
lus to cause the spores to be set free. For example: hanging drop cultures 
containing zoosporangia, in 0.2 per cent Knop’s solution, were grown in 
a north window at from 18° to 19°C. under a microscope to permit con- 
tinuous observation. At the time of examination, 3:05 p.m., no zoospores 
were swarming. The microscope with the culture was then moved further 
away from the window, to a position where the temperature was from 21° 
to 22°C. Within three minutes after changing the position of the culture, or 
at 3:08 p.m., several sporangia burst simultaneously, and within fifteen 
minutes the entire drop was full of swarming zoospores which had been 
liberated. From numerous experiments similar to the one described above 
I have concluded that a slight deviation from the temperature in which the 
culture is growing is sufficient to effect liberation of swarm spores. In the 
same way liberation of zoospores occurs when cultures containing zoo- 
sporangia are transferred from a warmer to a cooler temperature. Similar 
observations were long ago reported by Klebs (1896). 
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The influence of the concentration and composition of the nutrient me- 
dium on zoospore and aplanospore formation have long been known. Fa- 
minztin (1871), Artari (1892), and Klebs (1896) agree that solutions of low 
nutrient concentration result in continuous multiplication by zoospores, 
and that in solutions of higher nutrient content non-motile spores or 
aplanospores are formed. I have been able to confirm Famitzin’s and 
Artari’s observations on the influence of nutrient concentration on the 
method of reproduction in Chlorococcum infusionum. It is beyond the scope 
of this paper to describe in detail experiments of the above nature, but I 
consider it of interest to report briefly a few observations. Hanging drop 
cultures with various solutions were innoculated with cells from a rather 
dry agar culture in which numerous aplanosporangia and vegetative cells 
were present. The cultures were grown in a north window at a temperature 
of from 18 to 20 degrees, and frequently examined; all cultures were started 
between 11 and 11:15 a.m.; three cultures each were made in distilled 
water, 0.35 per cent Knop’s solution, and 3.0 per cent Knop’s solution. Im- 
mediate examination showed that in all the cultures some aplanospores 
were liberated and began to swarm as zoospores. In distilled water and in 
0.35 per cent Knop’s solution, more zoospores were swarming than in the 
3.0 per cent solution. The last of the zoospores in the 3.0 per cent solution 
became quiescent within four hours; those in 0.35 per cent Knop’s solution 
became quiescent within 13 hours, and those in distilled water only after 
30 hours. Examination of the cultures on the following evening, i.e., about 
32 hours later, showed interesting variations. Cultures in distilled water 
showed a second liberation of motile bodies. They also showed that almost 
every vegetative cell was undergoing cleavage for the formation of zoo- 
spores. Those with 0.35 per cent Knop’s solution contained a few zoo- 
spores recently liberated and many vegetative cells undergoing cleavage. 
The cultures in 3.0 per cent solution were characterized by the absence of 
any motile cells; those zoospores which were liberated the day previously 
had grown somewhat. No cleavage was apparent in the vegetative cells. 
Repeated examinations of the cultures revealed that on the third, fourth, 
and fifth days successive liberations of zoospores and cleavages occurred in 
distilled water, the zoosporangia, and consequently the zoospores, becom- 
ing smaller. The quiescent zoospores set free on the previous days, showed 
very little increase in size. In cultures with 0.35 per cent solution fewer 
cells showed cleavage, but a relatively high number of zoospores were set 
free on the third, fourth, and fifth days; zoospores liberated on previous 
days showed some growth, those set free on the first day having attained 
almost the size of mature vegetative cells by the fifth day. Cells in the 3.0 
per cent nutrient solution neither formed nor liberated zoospores after 
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the first day. Cleavage proceeded quite rapidly and was widespread, but 
the cleavage products developed thick cellulose and thick gelatinous mem- 
branes, and either were not liberated or were liberated without a motile 
stage. The zoospores set free the first day in these cultures had by the fifth 
day increased to the size of mature vegetative cells. I have grown the 
plants, in similar experiments, in solutions ranging in concentration from 
distilled water and a 0.1 per cent solution to a 4.0 per cent solution, and 
find that in solutions of less concentration than 1.8 per cent reproduction is 
primarily by means of motile zoospores, and in solutions higher than 1.8 
per cent reproduction is by means of non-motile aplanospores. There is no 
sharp distinction to be drawn in media whose concentration closely ap- 
proaches 1.8 per cent from either direction. In these concentrations both 
methods of reproduction are met with; I have observed that as the solu- 
tion approaches the maximum concentration for zoospore production, and 
conversely as the concentration approaches the minimum for aplanospore 
production, formation of both types of reproductive cells becomes equally 
frequent. These observations confirm those of Famintzin (1871, p. 51) who 
states: 


Der Concentrationsgrad der Fliissigkeit ist von grossem Einflusse auf der Entwickelung 
der Algen. In der sehr diluirten, deren Concentration nicht ein Procent iibertrifft, 
wird, bei den von mir untersuchten Algen, dem Chlorococcum infusionum und dem 
Protococcus viridis, die Vermehrung nur durch Zoosporen zu Stande gebracht; die 


ausgeschwarmten Zoosporen erzeugen wieder Zoosporangien und so fort; .. . In der 
2% Salzlésung oder ein héheren Concentration wird die Zoosporenbildung gehemmt; 
die Vermehrung dagegen durch Zerfallen in unbewegliche Kugeln vermittelt. Versetzt 
man diese Algen in Salzlésungen von einer geringeren Concentration als 2%, so tritt 
die Zoosporenbildung wieder ein; steigert man dieselbe auf 2%, so wird sie wiederum 
gehemmt. 


Further development of the zoospores. After variable periods of motility 
the zoospores come to rest, lose their cilia, secrete the outer gelatinous wall 
membrane, and begin their development into vegetative cells. In hanging 
drop cultures, as noted above, the zoospores always come to rest near the 
margin of the drop (figs. 5, 6). In large, flat culture dishes a film of zoo- 
spores is formed on surface of the culture liquid. In drop cultures with a 
large number of zoospores, when concentration of them takes place at the 
edge of the drop, it often happens that they burst through the original 
boundary of the water and establish themselves in a small surface film 
which is continuous with the water of the original drop (fig. 5). When one 
or several zoospores have reached the edge of the drop, an attraction seems 
to be set up at that point. Other swarmers swim to the same place and 
come to rest, at first forming a single line, radiating in from the edge of the 
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drop, their anterior ends pointing to the margins. Other zoospores swim to 
the same place and force themselves at least part way between those al- 
ready settled, until finally they give the appearance of an intricate mosaic 
(fig. 6), this process giving rise to the expanses of angular cells found at the 
surface of cultures (figs. 7-10). This angular condition of C. infusionum 
was described by Kiitzing for Limnodictyon Roemerianum. 

This type of aggregation into a cellular expanse may be properly 
termed a loose coenobium. It is possible that the morphogenetic aggrega- 
tion of swarm spores of H ydrodictyon and Pediastrum into definite patterns 
may have originated in such a simple way as this. During the course of 
their development these young cells never achieve the spherical form un- 
less they become separated. 

As the developing zoospores increase in size, they become angular by 
compression (figs. 6, 8, 9), and as growth continues the typical angular 
coenobium is formed. It is important to note that no cell division by bipar- 
tition occurs; the association of the cells into coenobia is entirely deter- 
mined by the original position assumed by the zoospores as they become 
quiescent, and their ensuing increase in size. During the growth of the 
young cells, the chromatophore, which in the zoospore only partially 
covers the surface of the protoplast, is extended so that it is either entirely 
continuous or almost continuous. Figures 13-18 represent a series of stages 
in the metamorphosis of a zoospore into a mature vegetative cell. The 
chlorophyl-bearing area is gradually extended until only a small colorless 
region remains (fig. 18), and as the cell ages, the outer gelatinous membrane 
becomes considerably thickened. 

In nutrient solutions the entire life cycle from zoospore to zoospore 
occupies between five and six days. 

Multiplication by aplanospores. Miss Bristol (1920), Artari (1892), and 
Famintzin (1871) describe and figure non-motile gonidia for Chlorococcum 
humicolum and C. infusionum. They are produced usually in solutions 
of high concentration, in drier environments, and, in general, under condi- 
tions unsuitable for zoospore production. I find them occurring most fre- 
quently in C. infusionum in drying agar cultures. They represent, at least 
in this case, zoospores which of necessity have omitted a motile stage, and 
they complete their development without it. They originate by the inter- 
nal cleavage of a vegetative cell, in the same manner as zoospores. How- 
ever, after cleavage, the daughter protoplasts round off and may become 
ellipsoidal, developing cell membranes almost as thick as those of the 
mother cell (fig. 22). The development of this rather thick cell wall and 
the spherical to ovoidal shape immediately distinguish them from zoo- 
spores. As the aplanospores begin to grow the mother cell wall bursts and 
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they are set free, whereupon they enlarge and develop into mature cells. 
They may enlarge considerably before liberation, and may themselves 
cleave into aplanospores. In this way cell complexes composed of several 
generations are built up. 

Conjugation of zoospores has been observed and described in Chloro- 
coccum humicolum by Bristol (1920), and Puymaly (1924); neither Famint- 
zin (1871) nor Artari (1892) observed conjugation of zoospores in C. 
infusionum. Fritsch (1927), maintaining that in the simpler members of 
the Chlorococcales there are no strong sexual tendencies, notes that only 
one case of anisogamy (Phyllobium) and none of oogamy have been re- 
ported in the entire group. 

In attempting to produce conjugation of zoospores, I have repeated 
the methods employed by Klebs (1896) in his studies on Chlamydomonas. 
Abundant zoospores were produced, but in every case they began to de- 
velop without conjugation. Material from different cultures was brought 
together in view of claims that zoospores from the same sporangia or cul- 
tures never fuse. In my opinion either fusion does not occur in nature in this 
species, or I have failed to reproduce in artificial culture the conditions 
necessary for fusion. A further possibility might be suggested—that we 
are here dealing with a heterothallic species, that is one in which the gam- 
etes must be produced by strains or clons of widely separate origin, as 
recently described by Strehlow (1929) for Chlorogonium, and by several 
other investigators for other genera. Reproduction in C. infusionum in so 
far as I have been able to observe seems to be a process of vegetative 
multiplication, either by the formation of zoospores which develop without 
conjugation, or by non-motile aplanospores. 


SUMMARY 


1. Prolonged observations of cultures show that Chlorococcum infu- 
sionum (Schrank) Meneghini is identifiable by the following characters: 
the aggregation of polyhedric individuals into a loose coenobium which 
originates during the swarming of the zoospores; mature vegetative cells 
vary in size from eight to thirty microns in diameter. The wall is composed 
of an inner, thin, cellulose layer adjacent to the protoplast, and an outer 
gelatinous layer, which is often thick and lamellate. The chromatophore is 
parietal, with or without an opening, and often contains numerous droplets 
of colorless oil; the chromatophore contains one or occasionally two angular 
or spherical pyrenoids. The cells are uninucleate, becoming multinucleate 
only immediately preceding cleavage. 

2. Multiplication is by formation of biciliate zoospores and non-mo- 
tile aplanospores, both of which arise by progressive cleavage of a mother 
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protoplast into uninucleate segments. The pyrenoid of the mother cell 
fragments during cleavage, each daughter protoplast receiving a fragment 
which becomes a pyrenoid; there is no evidence for an origin de novo of the 
pyrenoid. Zoospores and aplanospores increase in size to form the vegeta- 
tive cells. 

3. There is no increase in number of individuals by cell bipartition. 

4. Gamete fusion has not been observed. Apparently it does not occur 
in nature or else conditions in artificial culture are an impediment to fu- 
sion. 

5. Environmental factors, as Klebs and others have shown, influence 
the formation, behavior, and development of zoospores and aplanospores. 

(a) Multiplication is by zoospore formation as long as the moisture 
is sufficient to permit their escape from the zoosporangium. In dry 
cultures the potential zoospores develop thick gelatinous membranes 
and begin their development without a motile stage. 

(b) In solutions of lower concentration than 1.8 per cent, zoospore 
formation proceeds rapidly; in nutrient solutions of greater concen- 
tration multiplication is by aplanospores. 

(c) Slight changes in temperature cause liberation of zoospores. 

6. The pyrenoid is associated with starch formation. Segments are 
separated from the protein core, dissolve, and are deposited in the form of 
starch in the cytoplasm surrounding the pyrenoid. It is suggested that the 
chemical view of certain proteins as complex molecules which have carbo- 
hydrate side chains may be the basis of the morphological changes taking 
place in the pyrenoid during starch formation. The so called ‘stroma starch’ 
is in the form of minute ellipsoidal grains which are cleft off from the starch 
ring surrounding the pyrenoid, and migrate radially through the chroma- 
tophore. 
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Note. Since the final proof of this paper was read, I have had an op- 
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zenphysiologisches Institut der deutschen Universitat in Prague (see 
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have isolated and identified as C. infusionum appears to be identical with 
this European culture of C. infusionum isolated by F. Mainx.—H. C. B. 
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Description of plates 32-36 


All of the figures were drawn with the aid of a Zeiss drawing apparatus, using a 
Zeiss apochromatic objective 2 mm, N.A. 1.30 and compensating oculars 15x and 
20 x. The approximate magnification of each figure is given. 


PLATE 32 


Fig. 1. Two months old culture on 0.2 per cent Knop’s agar. 

Fig. 2. Six months old culture on 0.3 per cent Knop’s agar. 

Fig. 3. Twenty-two months old culture on 0.3 per cent Knop’s agar. 

Fig. 4. Young colony from the surface of a Petri dish culture on 0.2 per cent agar. 


x85. 
Fig. 5. Zoospores bursting through the margin in a hanging drop culture, three 
hours after motility ceased. 110. 
Fig. 6. The same, enlarged. 750. 


PLATE 33 


Fig. 7. Portion of a colony from an old agar culture, numerous ripe zoosporangia. 
<750. 

Fig. 8. Developing zoospores becoming angular by compression. 750. 

Fig. 9. Portion of the surface film of a liquid culture. 330. 

Fig. 10. Developing zoospores thirty-six hours after swarming; free cell surfaces 
curved, adjacent cell surfaces flattened. 750. 
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PLATE 34 


Fig. 11. Vegetative cell with opening in chromatophore near the pyrenoid; outer 
cell membrane thick and faintly lamellate. «3000. 

Fig. 12. Vegetative cell with thick wall, after treatment with sulphuric acid and 
iodine; the protoplast has shrunken from the cellulose wall (represented as granular): 
the lamellar structure of the outer gelatinous membrane becomes apparent—partially 
schematic. < 3000. 

Figs. 13-18. Stages in the development of a zoospore into a mature vegetative 
cell. X3000. 

Fig. 19. Zoosporangium with four zoospores. 3000. 

Fig. 20. Large zoosporangium which contained approximately forty-three zoo- 
spores. 3000. 

Fig. 21. Escape of zoospores in a gelatinous vesicle. «3000. 

Fig. 22. Aplanosporangium with aplanospores. x 3000. 


PLATE 35 


Fig. 23. Vegetative cell fixed in corrosive sublimate which differentiates the plas- 
tid: ‘stroma starch’ grains present. 2175. 

Fig. 24. Vegetative cell with vacuolate cytoplasm. 2175. 

Fig. 25. Vegetative cell: the enlarged nucleus in spireme stage. 2175. 

Fig. 26. Vegetative cell with ‘stroma starch’ grains. 2175. 

Fig. 27. Vegetative cell immediately prior to cleavage for zoospore production. 
Minute nuclei present near the periphery of cell. x3000. 

Figs. 28-30. Fragmentation of the pyrenoid body and dispersal of fragments in 
the cytoplasm. «3000. 

Fig. 31. Formation of surface furrows which extend toward the center, isolating 
unincleate segments with a pyrenoid fragment. «3000. 

Fig. 32. Partial section of an almost mature zoosporangium; the cleavage products 
have elongated. 3000. 

Fig. 33. Complete section of an almost mature zoosporangium; (cytoplasm omit- 
ted in some zoospores for clarity). «3000. 

Fig. 34. Section of a smaller zoosporangium showing six zoospores. 3000. 

Fig. 35. Young vegetative cell developing from zoospore. 3000. 

Figs. 36-38. Face, lateral and end views of zoospores fixed in osmic acid. Nucleus, 
pyrenoid, starch grains, cilia, and blepharoplast visible. «3000. 


PLATE 36 


Figs. 39-47. Various appearances of the pyrenoid during starch formation. Ex- 
planation in text. «4300. 

Fig. 48. Section of vegetative cell showing ‘stroma starch’ and its origin from the 
starch ring about the pyrenoid (nucleus not present in section). «4300. 

Fig.s 49-56. Appearances of pyrenoid during starch formation. Explanation in 
text. 4300. 

Figs. 57-59. Loss of staining reaction by pyrenoids in cells from darkened cul- 
tures. x 4300. 











VOLUME 57, PLATE 32 


BULLETIN OF THE TORREY CLUB 


























EOLD: CHLOROCOCCUM 




















BULLETIN OF THE TORREY CLUB 




















BOLD: CHLOROCOCCUM 














VOL. 57, PLATE 34 


BULLETIN OF THE TORREY CLUB 

















BOLD: CHLOROCOCCUM 


























42 


41 


39 


= 


46 


45 


43 


49 


~ 
Tv 





¥ 





53 


52 





58 


57 
































Notes on the algae of Uruguay 


MARSHALL A. HowE 
(WITH PLATE 37) 


Beginning in 1907, Dr. Florentino Felippone of Montevideo has sent to 
the writer small collections of Uruguayan algae, chiefly marine, for deter- 
mination. In the following list, 22 species, including one that is described as 
new, are recognized, and one specimen is referred to genus only. It is not 
a long list, but, as it is apparently the first to be published for Uruguay 
alone, it may have a certain interest for specialists in this line. The species 
seem to be more or less indentical with those of southern Brazil. 


CHLOROPHYCEAE 
CLADOPHORA FRACTA (Vahl) Kiitz. 
In fresh water, Montevideo, nos. 1252, 1264, and 1265. 
CLADOPHORA FRACTA SUBSIMPLEX Kiitz. 


Montevideo, no. 1277. Other species of Cladophora occur in Felippone’s 
collections. 


RHIZOCLONIUM HIEROGLYPHICUM (Ag.) Kiitz. 
In fresh water, Montevideo, no. 1850. 
Utva Lactuca L. 


Cabo de Santa Maria, Rocha, nos. 1826 and 1855, Punta del Este, nos. 
1840 and 1841 (thallus 45—50y thick). 

ENTEROMORPHA COMPRESSA CONSTRICTA J. Ag. 

Costa Sur, no. 117, Isla de Flores, nos. 135 and 1825, Costa Maldonado, 
no. 276. In reporting these numbers to the collector, Dr. Felippone, the 
writer referred no. 1825 to Enteromorpha Linza and the others to E. intes- 
tinalis. Though some of these specimens have much the habit of E. Linza 
and cross sections of the thallus resemble the figures of sections of that 
species, as published by J. Ag. (Till Alg. Syst. 3: 138. 1883), the two laminae 
of the broader parts of the thallus separate more readily than those of £. 
Linza,and many of the plants are freely proliferous from the basal margins. 
The expanded upper parts of thallus occasionally attain a width of 5 cm., 
resembling and even surpassing in this respect no. 123 of Areschoug’s Algae 
Scandinavicae Exsiccatae, which J. Agardh appears to make the type of 
his form constricta. 

No. 1276 (84,687) of Herter’s Plantae Uruguayenses, from Punta del 
Este, Maldonado, distributed as Enteromorpha compressa (L.) Grev., evi- 
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dently belongs with the forma consiricta, but no. 731 of the Kryptogamae 
Exsiccatae of the Vienna Museum, from ‘prope urbem Montevideo’, is 
nearer what currently passes as the typical E. compressa. Herter’s no. 1274 
(84,685), from Punta del Este, issued as Enteromorpha compressa, var. pro- 
cerrima Kiitz., is filiform, scarcely compressed, and its branches arise ir- 
regularly (not distichously) and most of them taper very little towards the 
base. This we are disposed, for the present, to refer to Enteromorpha pro- 
lifera rather than to E. compressa. The plants are only 3-5 inches long, 
while Kiitzing ascribes a length of 2-3 ft. to his forma procerrima. 


ENTEROMORPHA PROLIFERA (O. F. Miill.) J. Ag. 

Species of Enteromorpha are notoriously difficult to define. We are in- 
clined to refer to E. prolifera rather than to E. compressa Dr. Felippone’s 
no. 1845 from Montevideo, as well as Herter’s no. 1274 from Punta del 
Este, mentioned above. 


Bryopsis pLUMOSA (Huds.) Ag. 
Punta del Este, no. 1149. A small delicate form. 


OEDOGONIUM sp. 
Punta Gorda, no. 1249. 


CopiuM DECORTICATUM (Woodw.) M. A. Howe 
(?) Codium decumbens Mart. FI. Bras. 1: 19. 1833. 


Isla de Lobos, no. 30, and one without number; Maldonado, no. 282; 
Isla de Flores, no. 286; Punta del Este, no. 1829; Cabo de Santa Maria, no. 
1861, without locality. 

The peripheral utricles range from 160u to 500u in maximum diameter, 
with most of them 220 to 350u; they are rounded-truncate or blunt and are 
thin-walled. Some of the specimens (notably no. 286) agree well with O. C. 
Schmidt’s description (Bibl. Bot. 91: 58) of one of two apparently authen- 
tic, though not technically typical, specimens of Codium decumbens Mart. 
seen by him in herb. Hamburg, and referred by him to C. lineare Ag. How- 
ever, there is little in the habit of most of them to suggest either of the de- 
scriptive words decumbens or lineare. The thallus in nearly all has the ap- 
pearance of being flattened, at least under the dichotomies. 


RHODOPHYCEAE 


PORPHYRA MINOR Zanard. (?) 


On Gelidium corneum, Cabo de Santa Maria,Rocha, nos. 1858 and 1874. 
Both plants are monostromatic, 22—40y thick; one (no. 1858) is suborbicu- 
lar-flabelliform, 8.5 cm. broad and 6.5 cm. high; the other (no. 1874) is 
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linear-oblong, 4cm. by about 7mm. The former is fertile, monoicous; 8 
spores in a sporocarp; antheridia in small patches among the sporocarps, 
32 antherozoids to an antheridium; vegetative cells occurring rarely among 
the sporocarps. Both Porphyra minor and P. microphylla were described 
by Zanardini as occurring on Gelidium corneum in the Adriatic Sea. Both 
were sterile or, at least, the reproductive parts were not really described. 
Both of the Uruguay plants are larger than either Porphyra minor or P. 
microphylla, which are described as only 1.5 cm. high or less. Porphyra 
vexillaris Mont., described a few years later than P. minor as an epiphyte 
on Grateloupia filicina from Martinique, is much smaller, being only 2-4 
mm. long. 


GELIDIUM CORNEUM (Huds.) Lamour. 

Numerous specimens from various localities, notably Punta del Este, 
Cabo de Santa Maria, Isla de Flores, and Isla de Gorriti; also, in Herter’s 
Plantae Uruguayenses, no. 1272 (84,683), from Punta del Este. Some of 
the specimens represent coarser forms of the species, more or less approach- 
ing Gelidium cartilagineum. 


GIGARTINA TEED (Roth) Lamour. 

Isla de Flores, nos. 134 and 136; Punta del Este, nos. 1167, 1833, 1835, 
1844, and 1848a. Several of the specimens are cystocarpic. Previously re- 
ported from Brazil. 


GIGARTINA ELEGANS Grev. 

Isla de Flores, no. 192; Punta del Este, no. 1834. This species is evi- 
dently closely allied to Gigartina Teedii, but differs somewhat in habit, be- 
ing more finely dissected and the ultimate ramuli more substellate-glomer- 
ate. Original specimens form southern Brazil (playa de Aldea Velha, Prov. 
Espiritu Santo) are preserved in herb. Greville in Edinburgh and in the 
Muséum d'Histoire Naturelle in Paris. A photograph of the Greville speci- 
men—the technical type, though rather less elegant than the specimens in 
Paris—is published herewith (figure 1). 

GYMNOGONGRUS GRIFFITHSIAE (Turn.) Mart. 


Isla de Flores, nos. 138, 181, and 193. Reported from southern Brazil 
by Martius (Fl. Bras. 1: 27. 1833). 


ACTINOCOCCUS AGGREGATUS Schmitz. 

On Gymnogongrus Griffithsiae, Isla de Flores, nos. 138 and 181. Rosen- 
vinge (Kgl. Danske Vidensk. Selsk. Biol. Medd. 8*: 1-40. 1929) has shown 
conclusively that Actinococcus subcutaneus is the tetrasporic phase of Phyl- 
lophora Brodiaei, in and on which it grows in a peculiar sort of parasitism, 
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without the intervention of a true cystocarp. It is quite possible that a 
similar relation exists between Actinococcus aggregatus and Gymnogongrus 
Griffithsiae. 


AHNFELTIA PLICATA (Huds.) Fr. 

Isla de Lobos, no. 28; Isla de Gorriti, no. 195. 

The specimens, especially no. 195, are somewhat coarser than the Euro- 
pean and North American representatives of this species and the cortical 
filaments are also somewhat coarser. In size it approaches the more slender 
forms of Ahnfeltia Durvillaei (Bory) J. Ag., which ranges from Peru to the 
Cape Horn region. A. plicata has been reported from Brazil, Falkland 
Islands, and Tierra del Fuego. 


HypneEA MusciForMIs (Wulf.) Lamour. 
Punta del Este, no. 1848b. 
This species occurs also in Brazil. 


CRYPTOPLEURA FIMBRIATA (Grev.) Kylin, Lunds Univ. Arsskr. II. 20° :92. 
1924. 

Nitophyllum fimbriatum Grev. St. Hil. Voy. Dist. Diam Brésil 2: 447. 
1833. J. Ag. Sp. Alg. 3*: 70. 1898. 

Nitophyllum calophylloides J. Ag. Till Alg. Syst. 4: 68. 1885. 

We have seen the following specimens from Uruguay collected by Dr. 
F. Felippone: Costas de Maldonado, no. 97; Puerto de la Paloma, Rocha, 
no. 961; Punta del Este, no. 1828 and 1829b; Cabo de Santa Maria, Rocha, 
nos. 1860, 1862, 1864, 1876, 1878, and 1880; and also W. Herter’s Plantae 
Uruguayenses no. 1289 (85,089) from Puerta de la Paloma, distributed by 
Herter under the name Nitophyllum Curdieanum, which belongs to an Aus- 
tralian species. It sometimes grows attached to Gelidium corneum and to 
Codium decorticatum. These specimens exhibit a considerable variety of 
form and texture, but we believe they represent a single species. Notable 
is their rather firm texture as compared with most of the members of the 
genus. The fronds are for the most part composed of three or more layers 
of cells except for a narrow unistratose margin. This margin is about 75— 
80u thick, while most of the frond is 100-160u thick, sometimes rising to 
275u in the more or less well-defined midrib of the major segments. The 
original specimen of Nitophyllum fimbriatum Grev. was collected near Aldea 
Velha, Brazil, by St. Hilaire. The type specimen (figure 2) in the Gre- 
ville Herbarium is antheridial. The antheridial sori, like the tetrasporan- 
gial, are sometimes within the margin of the larger divisions of the frond 
but they more commonly occupy small marginal proliferations of great di- 
versity of form. The antheridial appendages, which doubtless suggested 
































~~ 


1930] HOWE: ALGAE OF URUGUAY 609 


the specific name, are notably crispate. The cystocarps, which are 0.75- 
1.25 mm. in diameter and somewhat unequally protuberant on the two 
faces of the frond, are usually on the larger segments, but are sometimes 
also on small marginal proliferations. 


CHONDRIA DASYPHYLLA (Woodw.) Ag. 
Punta del Este, no. 1846. 


POLYSIPHONIA VIRGATA (Ag.) Spreng. 

Punta del Este, no. 1847; and Cabo de Santa Maria, Rocha, nos. 1865 
and 1882. Type from the Cape of Good Hope. Reported from Brazil by 
Martius (Fl. Brasil. 1: 16. 1833) under the name of Corradoria complanata. 
The specimens differ among themselves considerably in habit and they are 
rather smaller than South African specimens seen. 


Callithamnion Felipponei M. A. Howe, sp. nov. 


Fronde epiphytica, 1-3 cm. alta, virgata et subsimplici vel cum ramis 
paucis virgatis plus minusve basalibus; caulibus praecipuis corticatis fasciculos 
ramulorum ecorticatorum monosiphoniorum dense vel aliquando sparse or- 
dinatos, cristatos vel alopecuroideos, strictos vel erecto-patentes ferentibus, 
ramulis cum ramellis rigidis alterno-distichis, irregulariter spiralibus, vel sub- 
divaricate dichotomis incurvis vel aliquando recurvis acuminatis (vel aetate 
obtusis) 75-160, latis in partibus majoribus, saepe ad 13 vel minus in cellulis 
apicalibus, cellulis 1-2.5-plo (plerumque 1-5-plo) longioribus, parietibus 8-30 
crassis; sporangiis tripartitis, 50-60u x 40—S0yz. 


In Gelidio corneo, Uruguayae, Cabo de Santa Maria, Rocha, Dr. F. Felip- 
pone 1866, 1869a (exemplo typico), 1873b, 1875b, et 1877. 

Callithamnion Felipponei cum C. Arbuscula (Dillw.) Lyngb., incola 
Europae borealis, et Ceratothamnione Pikeano, incola orarum Americae- 
Borealis, comparandum est, sed a utriisque magnitudine minore, habitu 
simpliciori plus virgato, ramellis rigidioribus plus falcatis, parietibus crassi- 
oribus, differt. 


Frond epiphytic, 1-3 cm. high, virgate and subsimple or with a few virgate 
branches from near base, main axes corticated, bearing densely or sometimes 
sparsely disposed tufted or alopecuroid, strict or erecto-patent fascicles of 
ecorticate ramuli, these with rigid alternate-distichous, irregularly spiral, or 
subdivaricately dichotomous incurved or sometimes recurved, acuminate (or, 
in age, obtuse) ramelli, these 75-160yu broad in older parts, often tapering to 
13u or less in apical cells, the cells 1-2.5 (mostly 1.5) times as long as broad, 
the cell walls 8-30u thick; tetrasporangia tripartite, 50-60u X 40-S0x. 


On Gelidium corneum, Cabo de Santa Maria, Rocha, Uruguay, Felip- 
pone, nos. 1866, 1869a (type, figure 3), 1873b, 1875b, and 1877. 
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Callithamnion Felipponei is evidently related to C. Arbuscula (Dillw.) 
Lyngb. of northern Europe and Ceratothamnion Pikeanum of the Pacific 
coast of North America, but manifestly differs from both in its smaller 
size, in the simpler more virgate habit of the plant as a whole, and in the 
more rigid, more falcate, thicker-walled ramelli. Until one sees the tetra- 
sporangia, it suggests certain species of Dasya rather more than the genus 
Callithamnion. 


GRATELOUPIA FILICINA (Wulf.) Ag. 


Punta del Este, no. 1842, Cabo de Santa Maria, Rocha, nos. 1863, 
1870, 1872, and 1879. 


GRATELOUPIA CUNEIFOLIA J. Ag. 


Cabo de Santa Maria, Rocha, nos. 1856 (tetrasporic) and 1857 (cysto- 
carpic). Type from La Guayra. 
CORALLINA OFFICINALIS L. 

On Gelidium corneum, Cabo de Santa Maria, Rocha, no. 1875a. A small 
slender form, about 2 cm. high. Referred to C. granifera Ell. & Soland. 
var.(?) in or iginal report to Dr. Felippone. Also, Herter’s Plantae Uru- 
guayenses no. 1265 (84,676), from Punta del Este. 


AMPHIROA BEAUVorsu Lamour. 


Punta del Este, no. 1831, Puerto de la Paloma, Rocha, nos. 21 and 23, 
also, Herter’s Plantae Uruguayenses, no. 1268 (84,679), from Punta del 
Este, distributed as Amphiroa foliacea Lamour., a different species, pri- 
marily from the Pacific islands. A. Beauvoisii was originally described 
from the Mediterranean Sea. 


THe New York BoraANniIcaL GARDEN 


Explanation of plate 37 


Fig. 1. Photograph of the type specimen of Gigartina elegans Grev., from Aldea 
Velha, Brazil,—natural size. 

Fig. 2. Photograph of the type specimen of Nitophyllum fimbriatum Grev., from 
Aldea Velha, Brazil,—natural size. 

Fig. 3. Photograph of the type specimen of Callithamnion Felipponei M. A. Howe 
(Felippone 1869a), on Gelidium corneum, from Cabo de Santa Maria, Rocha, Uruguay, 
—natural size. 
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The North American species of Orobanche, 
section Myzorrhiza 


Puitre A. Munz 
(WITH PLATES 38, 39) 


There is presented herewith an attempt to work out in more definite 
fashion than has been done heretofore, our species of the section Myzor- 
rhiza as that section was understood by G. Beck in his monograph of Oro- 
banche (Bibl. Bot. 4: 78-85. 1890).! To the species listed by Beck must be 
added the Mexican O. Dugesii and O. multicaulis, which require the emen- 
dation of the section to include a bilobed as well as a crateriform stigma. 
However, the presence of the two bractlets below each flower and the 5- 
cleft condition of the calyx still hold. 

In collecting material in this group in years past I have found it ex- 
ceedingly difficult to get identification that was at all satisfactory. Un- 
fortunately the immediate work done on this paper has had to be confined 
to the herbarium; and in plants as fleshy as these, herbarium specimens are 
not altogether satisfactory. In segregating the various entities that I 
recognize herein, I have based my conclusions largely on dissections and 
camera lucida drawings of the corollas, as well as the traditional criteria 
used by former workers, namely pubescence, calyx, tuberous base, and the 
like. It seems to me that in most cases the corolla characters are sufficiently 
correlated with zonal distribution and with hosts to warrant a recognition 
of many more varieties than has heretofore been done. Capsules and seeds 
have yielded no characters of use in distinguishing species. 

For prosecuting this study I have had available the material in the 
following herbaria: University of California (C), Gray Herbarium (G), 
Dudley Herbarium of Stanford University (S), Herbarium of Frank Peir- 
son of Pasadena (FP), and Pomona College Herbarium (P). I am greatly 
indebted to those who have so kindly loaned me the material in these coi- 
lections. The letters indicated above after the herbarium names are those 
used in citing specimens. I am also indebted to Dr. I. M. Johnston of the 
Gray Herbarium and to Mr. C. L. Hitchcock of the Missouri Botanical 
Garden for notes and copies of original descriptions, to Dr. J. A. Comstock 
of the Exposition Park Museum in Los Angeles, and to Dr. Aven Nelson 


! After this paper was submitted for publication, there appeared Beck’s recent 
treatment of Orobanchaceae (Das Pflanzenreich 4*': 1-348. 1930). Since no new com- 
binations or names were used in the section Myzorrhiza for North American species, I 
have made no attempt to cite this more recent paper of Beck’s among the references I 
have given. 
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of the University of Wyoming for the privilege of studying the types of 
M yzorrhiza Hutchinsoniana and Orobanche xanthochroa respectively. I have 
not had available sufficient material of the South American species to 
warrant including them in this paper. 


KEY TO SPECIES 


Stigma bilobed; throat of corolla not thrown up into definite palatal folds, the lower 
lip truncate at the base of the lobes; corolla-lobes tending to be broad, and nar- 
rowed abruptly into a short terminal tooth. 

Plant glabrous or nearly so, the corolla yellowish and ca. 15 mm. long, the lobes 
inconspicuously toothed at the tip. Guanajuato, Mexico .....2. O. Dugesit 
Plant plainly puberulent; the corolla with some purple, 15-25 mm. long, the lobes 
evidently toothed at the tip. Lower California and Puebla, Durango, and San 
Luis Potosi. . weeeeeeeeed. O. multicaults 

Stigma peltate-crateriform; ‘throat of coniia with 2 wl: mashed palatal folds (except 
in no. 3), the lower lip not truncate at the base of the lobes; corolla-lobes usually 
rounded or narrowed gradually toward the tip. 

Stems with a thickened tuber-like base, and branched above. 

Calyx 1 cm. long; corolla 12-15 mm. long, yellowish with purple or brown, with- 
out palatal ridges in the throat; plant pruinose-puberulent, the inflorescence 
compact. Chaparral belt from central to Lower California.....3. O. bulbosa 

Calyx 6-8 mm. long; corolla 13-19 mm. long, yellowish, with palatal ridges in the 
throat; plant cinereous-pubescent, the inflorescence open. On conifers in 
mountains from N. California to Washington and Idaho. ....4. O. pinorum 

Stems not with a thickened tuber-like base. 

Flowers, especially the lower ones, on pedicels up to 2 or 3 cm. long; inflorescence 
often corymbose. 

Lower lip of corolla spreading, 7-15 mm. long; anthers woolly-pubescent...... 
5. O. Grayana 

Lower lip of corolla erect, 4—6 (8) mm. long; anthers glabrate except in material 
from east of the Sierra Nevada... saeee - .6. O. californica 

Flowers sessile or nearly so; inflorescence ty pically spicate; plants usually with 
somewhat grayish pubescence. 

Corolla-lobes rounded, not pointed; anthers woolly to ae aah 
. 0. malliflere 
Corolla-lobes pointed, triangular; anthers usually pubescent. . a 
8. 0. Ludeviclons 


TREATMENT OF SPECIES 


1. OROBANCHE MULTICAULIS T. S. Brandegee, Univ. Calif. Pub. Bot. 6: 
361. 1916. 

Several-stemmed, these simple and spicate or with few branches, puberu- 
lent, scarcely viscid; cauline bracts few, ovate, acuminate, 5-10 mm. long; 
flowers sessile, or lowermost on pedicels as long as 2.5 cm.; calyx 7-9 mm. long, 
equally 5-parted to about the middle, the segments lanceolate; corolla 18-25 
mm. long, somewhat purplish, especially on upper lip, the lip 4-6 mm. long, 
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with oblong-ovate lobes, these somewhat carinate and narrowed abruptly into 

short recurved teeth; lower lip without well developed palatal folds, truncate 

at base of lobes; anthers glabrous; stigma bilobed; capsule about as long as 
calyx. 

KEY TO VARIETIES 

Plants slender, the stems 2—4 dm. long, puberulent, with bracts ca. 5 mm. long; calyx 

7 mm. long; corolla 20-25 mm. long. Lower California. Cighites 

la. O. suilticndlie var. genuina 

Plants rather coarse, the stems 0.5—1.2 dm. long, pruinose, with bracts 6-10 mm. long; 

calyx 8-10 mm. long; corolla 18-22 mm. Mexican mainland. . mY - 

ib. O. soulticoulis var. Polmeri 


1a. Orobanche multicaulis T. S. Brandg. var. genuina n. nom. (PI. 38, 
fig. 1) 
O. multicaulis T. S. Brandg. l.c. 


Stems slender, 2-4 dm. long,? puberulent; cauline bracts ca. 5 mm. long; 
calyx 7 mm. long; corolla 20-25 mm. long, the upper lip ca. 6mm., the lower 
ca. 5 mm. long. 

Type locality, Purissima, Lower California. Material seen, Lower CALIFORNIA: 
Purissima, Brandegee in 1889, type (C); Calmalli, Purpus 13 (C, S); Guadalupe, T. S. 
Brandegee in 1890 (C). 


ib. Orobanche multicaulis var. Palmeri n. var. (Pl. 38, fig. 2) 


Stems rather coarse, 5-12 cm. 9 pruinose; cauline bracts 6-10 mm. long; 
calyx 8-9 mm. long; corolla 18-22 mm. long, the upper lip ca. 5, the lower ca. 
4 mm. long. (Caules crassi, 5-12 cm. alti, pruinosi; bracteis 6-10 mm. longis; 
calyce 8-9 mm. longo; cunelie 18-22 mm. longa, labiis 4-5 mm. longis.) 

Type, from city of Durango, Mexico, at 6207 ft. alt., on Baccharis, collected April, 

1896, Dr. E. Palmer 7 (Gray Herbarium). Isotype at California. Additional material, 
DvuRANGO: San Ramon, Palmer 206 (C, G), 108 (G).—SaAn Luts Potosr: Minas de 
San Rafael, Purpus 5586 (C); Zapatillo, Palmer 567 (G).—PvueEBLaA: Esperanza, Pur pus 
3020 (C); Tehuacan, Pringle 7022 (G). 
These collections have passed as O. Ludoviciana, but constitute an entity 
quite different from that species in the bilobed stigma, lack of palatal 
folds, and in the cuspidate character of the corolla-lobes. In these respects 
it is quite like O. multicaulis of Lower California and is certainly not more 
than varietally distinct from Brandegee’s plant. 


2. Orobanche Dugesii (S. Wats.) n. comb. (PI. 38, fig. 3) 

A phyllon Dugesii S. Wats. Proc. Am. Acad. 18: 132. 1883. 

Glabrate, coarse-stemmed, 5-15 cm. tall, simple and spicate, or with few 
spicate branches; cauline scales obtuse, 7-10 mm. long; flowers nearly or quite 


2 In giving height of plant, no attempt is made to distinguish between parts above 
and below ground. 
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sessile; calyx 7-8 mm. long, cleft to below the middle with lance-linear lobes; 
corolla apparently quite yellowish, thin, membranous, 15-17 mm. long, the 
lips ca. 3 mm. long with broad lobes which are scarcely toothed at the tips and 
quite truncate between the bases on the lower lip; anthers quite glabrous; 
stigma bilobed; capsule about as long as calyx. 


Type locality, Guanajuato, Mexico. Material seen, Guanajuato, Dugés in 1880, 
type (G); in 1887 (G), in 1893 (G). 


3. OROBANCHE BULBOSA G. Beck, Bibl. Bot. 4: 73. 1890. (Pl. 38, fig. 4) 


Phelipoea tuberosa Gray, Proc. Am. Acad. 7: 371. 1867. A phyllon tuberosum 
Gray, Bot. Calif. 1: 585. 1876; Syn. Fl. 2': 313. 1878. Orobanche tuberosa 
(Gray) Heller, Cat. N. Am. Pl. 7. 1898. Not Orobanche tuberosa Hook. F1. Bor. 
Am. 2: 92. 1838, which is Boschniakia tuberosa. Myzorrhiza tuberosa (Gray) 
Rydb. Bull. Torrey Club 36: 695. 1909. 

Stout, dark, 1-3 dm. tall; pruinose-puberulent throughout, with thickened 
tuber-like base; cauline bracts lanceolate to acuminate, closely placed, ca. 1 
cm. long; inflorescence densely pyramidal, thyrsoid-paniculate, the flowers 
nearly or quite sessile; calyx ca. 1 cm. long, somewhat exceeding the subtending 
bracts, unequally divided into lanceolate segments equaling or exceeding the 
tube; corolla ca. 12-15 mm. long, yellowish to purplish or brownish, the lips 
erect, 2.5-3.5 mm. long, usually with acute and sublanceolate lobes and lack- 
ing palatal folds in the throat; anthers white, glabrate, somewhat apiculate; 
stigma discoid; capsule almost as long as calyx. 

Type locality, Gavilan Mts., Monterey County, California. Representative ma- 
terial, CALIFORNIA: Sweetwater, Eldorado Co., K. Brandegee in 1907 (C); Calaveras 
Co., Davy 1625 (C); Miller Canyon, Solano Co., Jepson in 1897 (G, S); Mt. Diablo, 
Contra Costa Co., Kellogg (C), Bioletti in 1894 (C, P, S); Coal Mine Ridge, San 
Mateo Co., Ferris in 1917 (S); Loma Prieta, Santa Clara Co., Hichborn in 1920 (S); 
east of Madrone Springs, Dudley in 1895 (S); Tassajara Hot Springs, Monterey Co., 
Elmer 3239 (S); Gavilan Mts., Brewer 743, type coll. (C, G); Santa Rosa Island, Santa 
Barbara Co., T. S. Brandegee in 1888 (C); Topatopa Mts., Ventura Co., Abrams & 
McGregor 112 (S); Catalina Island, Los Angeles Co., McClatchie in 1893 (S); Glendora, 
Grant 881 (C); Evey Canyon, San Antonio Mts., Johnston 1430 (C, G, P, S); Cajon 
Pass, San Bernardino Co., S. B. & W. F. Parish 1861 (C, G, S); San Bernardino, 
Feudge 568 (P); head of City Creek Grade, Munz 11310 (P); Idyllwild, Riverside Co., 
Spencer 824a (G); Murietta, Munz & Johnston 5330 (C, P); Santa Ysabel, San Diego 
Co., Munz 9814 (P); Pine Valley, Spencer 1988 (P); near San Diego, Orcutt 280 (C). 


Parasitic on Adenostoma and associates in the chaparral belt of Califor- 
nia, and for the most part quite consistent in its characters. Williamson 72 
from Rawhide Hill, Tuolumne Co. (P, S) differs from the other material 
I have seen in having rounded corolla-lobes. 


4. OROBANCHE PINORUM Geyer, ex Hook. Kew Jour. 3: 297. 1851. (Pl. 38, 
fig. 5) 

O. pinorum in G. Beck, Bibl. Bot. 4: 84. 1890. Phelipoea pinetorum Gray, 
Proc. Am. Acad. 7: 371. 1867. A phyllon pinetorum A. Gray, Bot. Calif. 1: 585. 
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1876 and Syn. FI. 2': 313. 1878. Myzorrhiza pinorum Rydb. Bull. Torrey Club 
36: 695. 1909. 


Plant 1-3 dm. tall, glandular- and cinereous-pubescent, from a tuberous 
base, simple or with few erect branches in upper half; cauline scales lanceolate, 
acute to obtuse, 5-7 mm. long; pedicels 3-6 mm. long; calyx 6-8 mm. long, 
the lance-subulate lobes about half the total length; corolla 13-19 mm. long, 
yellowish, glandular-pubescent, the lips erect, 3-4 mm. long, the lobes acute, 
upper ones 1.5 mm., lower 3 mm. long; anthers glabrous; stigma disciform; 
capsule equaling and rupturing calyx. 


Type locality, ‘top of the high mts. near St. Joseph, Coeur d’Aleine country,’ 
Idaho. Ranging from northern California to Washington and Idaho, parasitic on 
conifers. Material seen, IpAHo: Lamb Creek, Epling & Houch 10238 (Univ. Calif. at 
Los Angeles); Gold Hill, Howard & Ellison in 1928 (UCLA).—WasuincrTon: Colum- 
bia Valley, bet. lat. 46° & 49° N., Lyall in 1860 (G); W. Klickitat Co., Suksdorf 2782 
(S).—OrEGon: without locality, E. Hall 364 (G).—Catrrornia: Pilot Creek, Hum- 
boldt Co., Chestnut & Drew in 1888 (C). 


5. OROBANCHE GRAYANA G. Beck, Bibl. Bot. 4: 79. 1890. 


Orobanche comosa Hook. Fl. Bor. Am. 2: 93. pl. 169. 1838. Anoplanthus 
comosus Walp. Rep. 3: 480. 1844. Phelipoea comosa A. Gray, Pac. R. R. Rep. 
4: 118. 1857. Aphylion comosum A. Gray, Bot. Calif. 1: 584. 1876; Syn. FI. 
2': 312. 1878. Not Orobanche comosa Wallroth, Sched. Critic. 1: 314. 1822. 
M yzorrhiza Grayana Rydb. Bull. Torrey Club 36: 695. 1909. 

Usually corymbose, sometimes paniculate, 5-35 cm. tall, glandular- 
puberulent throughout; pedicels well defined, 5-25 mm. long; calyx with 
filiform-subulate lobes; corolla strongly 2-lipped, the lips 7-15 mm. long, the 
upper reflexed, the lower spreading, with the palatal folds well developed; 
anthers woolly-pubescent; stigma peltate; seeds oblong-ovoid, favose-retic- 
ulate, ca. 0.3 mm. long. 


KEY TO VARIETIES 


Corolla 40-45 mm. long, lurid purple. Coastal, San Luis Obispo Co., to Mendocino 

Co., CORORIER. « oon ca ciiesccep us seen sinee.es seine tiie Cie Manner nn an 

Corolla 25-35 mm. long, whitish to rose-purple or purplish brown. 
Cauline bracts mostly ovate and obtuse; corolla purplish. 

Plants slender, commonly 8-15 cm. tall; corolla tube slender, the lips purplish; 
calyx 14-16 mm. long. On Grindelia, etc. along coast from Monterey, Califor- 
nia to British Columbia....................5b. O. Grayana var. Nelsonti 

Plants coarse, 12-20 cm. tall; corolla tube rather broad, the lips purplish brown; 
calyx 8-15 mm. long. On Artemisia tridentata; mts. of S. California. ...... 

5c. O. Grayana var. Feudget 
Cauline bracts lanceolate to lance-linear, acute or acuminate; corolla whitish to 
pinkish, with darker veins. 

Calyx 15-20 mm. long; plants 1-3 dm. tall. On Baccharis, Grindelia, etc. at low 
altitudes from southern to central California. .5d. O. Grayana var. Jepsonis 
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Calyx 12-16 mm. long; plants 5-10 cm. tall. About meadows, on Erigeron, etc. 
from Tahoe, California to E. Washington.......5e. O. Grayana var. typica 


5a. Orobanche Grayana var. violacea (Eastw.) n. comb. (PI. 38, fig. 6) 

A phylion violaceum Eastw. Zoe 5: 85. 1900. Orobanche comosa var. violacea 
(Eastw.) Jeps. Man. FI. Pl. Calif. 952. 1925. 

Calyx 20-25 mm. long; corolla purple to dark violet, 40-45 mm. long; 
upper lip 12-18 mm. long, the lobes obtuse, lower lip 10-15 mm. long. 


Type locality, Vision Hill, west of Tomales Bay, Marin Co., California. On 
Grindelia, along clay mesas and bluffs overlooking the sea, from San Luis Obispo 
County to Mendocino County. Representative material, CALIFORNIA: Cambria, San 
Luis Obispo Co., Feudge 1771 (P); Farallone City, Setchell 173 (C, G, P, S); Montara 
Point, Copeland 3330 (P); Vision Hill, Marin Co., type coll., Eastwood in 1900 (C); 
Ft. Bragg, Mendocino Co., Eastwood 1639 (G). Intergrading somewhat with plants 
like the var. Nelsonii: for example, a specimen from Pacific Grove, Patterson & Wiliz 
(S), with smaller flowers than var. violacea. 


5b. Orobanche Grayana var. Nelsonii n. var. (PI. 38, fig.7) 


Corymbose, 8-15 cm. tall; cauline bracts mostly ovate and obtuse; calyx 
8-16 mm. long; corolla purplish, 25-30 mm. long, the lips 7-10 mm. long. 
(Bracteae ovatae et obtusae; calyce 8-16 mm. longo; corolla purpurea, 25-30 
mm. longa, labiis 7-10 mm. longis.) 

Type, from low meadow, one mile north of Salem, Oregon, J. C. Nelson 2479, Oct 
18, 1918 (Gray Herbarium). Coastal in distribution from central California to British 
Columbia, growing on Grindelia. Material seen, British CoLumsia: Victoria, Macoun 
749 (G).—WaASHINGTON: Shaw Island, S. M. & E. B. Zeller 890 (G).—OreEGon: Salem, 
J.C. Nelson 2940 (G, S).—Catirornia: Point Arena, Mendocino Co., Davy & Blas- 
dale 6039 (C); Seaside Station near Monterey, K. Brandegee in 1910 (C); Pacific 
Grove, Coleman in 1905 (S), Dudley in 1905 (S). 


5c. Orobanche Grayana var. Feudgei n. var. (PI. 38, fig. 8) 


Plant 1-2 dm. tall; the cauline bracts ovate, obtuse, commonly about 5 
mm. long; inflorescence capitate-corymbose; calyx 14-16 mm. long; corolla 
commonly purplish brown, with lower lip yellow at base, the upper lip 10-12 
mm. long and almost as broad, its lobes 2.5-3 mm. long, the lower lip 9-10 
mm. long. (Bracteae ovatae, obtusae, 5 mm. longae; calyce 14-16 mm. longo; 
corolla purpureo-brunnea, labiis 9-12 mm. longis). 


Type, from dry rocky slope above Baldwin Lake, San Bernardino Mts., California, 
at 7500 feet altitude, Munz 8177, June 2, 1924, Pomona College Herbarium Number 
48916. Montane at from three to eight thousand feet, apparently largely on Artemisia 
tridentata, in the mountains of southern California and adjacent Lower California. 
Named for Mr. J. B. Feudge of San Bernardino, California, whose discriminating 
collecting has added much to our knowledge of the California flora. Representative 
material, CALIFORNIA: Bisse’s Station, Kern Co., Dudley 393 (S); Lockwood Valley, 
Mt. Pinos region, Ventura Co., Dudley & Lamb 4612 (P, S); Seymour Creek, Munz 
6974a (P); Griffins, Elmer 4159 (S); Pine Flats, Los Angeles Co., Peirson 1178 (FP); 
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Swartout Valley, Peirson in 1922 (P); Big Pines, Feudge 569 (P); ridge south of 
Swartout, Munz 7687 (P); San Antonio Mt., San Bernardino Co., Abrams 2675 (G, S); 
Holcomb Valley, Munz 10645 (P); Baldwin Lake, Munz 8177 (P); San Jacinto Mts., 
Riverside Co., Hall 2135 (C, S); Santa Rosa Mts., Munz 5827 (C, P); Ansa, Munz 
10897 (P); Palomar Mt., San Diego Co., Munz 10388 (P); Jacumba, Mearns 3339 
(G, S).—Lower CALrrorniA: Hanson’s Ranch, Orcutt 896 (C, G). 


5d. Orobanche Grayana var. Jepsonii n. var. (PI. 38, fig. 10) 


Corymbose, 1-3 dm. tall; cauline bracts lanceolate to lance-linear, 8-12 
mm. long; calyx 15-20 mm. long; corolla mostly pinkish, 28-35 mm. long, the 
lips 10-12 mm. long. (Bracteae lanceolatae, 8-12 mm. longae; calyce 15-20 
mm. longo; corolla rosea, 28-35 mm. longa, labiis 10-12 mm. longis.) 

Type, Princeton, Colusa Co., California, H. P. Chandler, Oct., 1905, on Baccharis, 
Pomona College Herbarium No. 15,866; isotype at Stanford. Growing on Baccharis, 
Grindelia, etc., at low altitudes, mostly away from the coast and in central California. 
Material seen, CALIFORNIA: Duncan Mills, Sonoma Co., Jones in 1882 (P); Colusa 
Co., Colusa-Williams road, Stinchfield 451 (S); Sycamore Slough, Stinchfield 475 (S); 
Puerta Canyon, Stanislaus Co., Brewer 1260 (C, G); Mt. Oso, Brewer 1273 (C, G); 
Santa Cruz, Jones 242 (P); San Joaquin Bridge, T. S. Brandegee in 1901 (C); Pine- 
grove, Amador Co., Hansen 247 (C, P, S); Visalia, Tulare Co., Congdon in 1881 (S), 

Most of the plants here referred to this variety were included in O- 
comosa var. vallicola Jepson, Man. FI. Pl. Calif. 952. 1925. The type collec- 
tion of that variety, however, Jepson 6196 from Coyote, Santa Clara 
County is, to my way of thinking, to be referred to O. californica var. 
typica, hence the name Jepsonii for this concept, characterized by the long 
slender calyx-segments, light-colored corolla, and rather large size of the 
plants, namely 1-3 dm. 


5e. Orobanche Grayana var. typica n. nom. (PI. 38, fig. 9) 
O. Grayana G. Beck, l.c. O. comosa Hook. FI. Bor. Am. 2: 93. pl. 169. 1838. 


Low, 5-10 cm. tall, usually rather few flowered; cauline bracts lanceolate, 
5-10 (12) mm. long; calyx 12-16 mm. long, the lobes lance-linear; corolla 25- 
30 mm. long, very pale with darker veins, the lips 10-14 mm. long. 

Type locality, ‘Banks of the Columbia,’ collected by Douglas. Ranging from 
eastern Washington south to Lake Tahoe. Of the plants cited below, Brandegee 1030 
and Mackay 3 have emarginate corolla-lobes as figured by Hooker. The other speci- 
mens have the lobes acute, but the difference is so slight as to seem unworthy of 
nomenclatural separation. Material seen, WASHINGTON: Soap Lake, Grand Coulee, 
Mackay 3 (G); Oroville, Jones in 1911 (P); Washington territory, without locality, 
Cooper in 1853 (G); Walla Walla region, 7. S. Brandegee 1030 (G); Falcon Valley, 
Klickitat Co., Suksdorf in 1882 (C, G).—Ca.trornia: Brockway, Placer Co., Hall & 
Chandler 4551 (C); Tahoe Tavern, Beans in 1914 (G). 


6. OROBANCHE CALIFORNICA C., & S. Linnaea 3: 134. 1829. 


Phelipoea californica G. Don, Gen. Syst. 4: 632. 1838. Aphyllon cali- 
fornicum Gray, Bot. Calif. 1: 584. 1876; Syn. Fl. 2': 312. 1878. Myzorrhiza 
californica (C. & S.) Rydb. Bull. Torrey Club 36: 695. 1909. 
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Usually spicate to paniculate, 5-30 cm. tall, glandular-pubescent; pedicels 
2-15 mm. long; calyx-segments narrow and acuminate; corolla 2-lipped, the 
lips 2-8 mm. long, the upper erect, the lower slightly spreading and with 2 
palatal folds from base into throat; anthers glabrate except in var. corymbosa, 
apiculate; stigma, capsules and seeds as in preceding species. 


KEY TO VARIETIES 


Upper lip of corolla divided almost to base, its lobes and those of lower lip about 8 mm. 
long, acute; plants corymbosely paniculate, 1-2 dm. tall. Los Angeles Co., Califor- 
BEB. os cccccccccvccccccccccccsccscccecs Oe O, Colgermcs War. Caremeontensis 

Upper lip of corolla divided only part way. 

Corolla purplish on upper lip at least; anthers quite woolly; plant low, 5-12 cm. tall, 
subcorymbose. Washington to California east of the Sierra Nev 4 to Utah... 
6b. O. californica var. corymbosa 

Corolla pale in color, yellowish with darker veins; anthers glabrate. 
Corolla ca. 25 mm. long; plants 1-3 dm. tall, with very numerous crowded flowers. 


Central California....... mente .6c. O. californica var. typica 
Corolla 18-22 mm. long; plants 0.5- 1.5 dm. ‘tall, with fewer, more scattered 
flowers. Mts. of southern California. ........6d. O. californica var. Parishii 


6a. Orobanche californica var. claremontensis n. var. (Pl. 39, fig.11) 

Corymbosely paniculate, 1-2 dm. tall, many flowered; stems with few 
bracts, the lower ones suborbicular; calyx ca. 1 cm. long, the segments lance- 
linear; corolla ca. 25 mm. long, light in color, with pale purplish tinge, especi- 
ally in upper lip, the lips ca. 8 mm. long, lobed to base, acute; anthers glabrate. 
(Plantae corymbose paniculatae; lobis corollae pallidis, ca. 8 mm. longis, 
acutis). 

Type, from Claremont, Los Angeles Co., California, D. L. Crawford 547, July 8 


1916, Pomona College Herbarium No. 4356; isotypes at California, Gray, and Stan- 
ford. 


Apparently on Quercus agrifolia. Other material, Claremont, Harwood 

275 (P). Quite intermediate between O. Grayana and O. californica, resem- 

bling the former in the length of the corolla-lobes and the latter in the 
glabrous anthers and erect position of the lips of the corolla. 


6b. Orobanche californica var. corymbosa (Rydb.) n. comb. (Pl. 39. 
fig. 12) 


Myzorrhiza corymbosa Rydb. Bull. Torrey Club 36: 696. 1909. 


Plant low, 5-12 cm. tall, light colored, rather simple, subcorymbose; 
cauline bracts lance-ovate, 8-10 mm. long; calyx 12-18 mm. long, light in 
color; corolla 24-28 mm. long, the upper lip purple, ca. 5 mm. long, lower lip 
light or purplish, ca. 4 mm. long; anthers rather hairy. 


Type locality, Reynold’s Creek, Idaho. Growing apparently on Artemisia iri- 
dentaia, from eastern Washington and Californica to Wyoming and Utah. Representa- 
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tive material, WAsHINGTON: Rock Island, Kittitas Co., Sandberg & Leiberg 456 (C, G); 
Chelan, Okanogan Co., Elmer 506 (P).—OreEcoNn: Union, Cusick 126 (G); Squaw 
Creek, Malheur Co., Cusick 2669 (C, G, P).—Ipano: Nampa, Canyon Co., Nelson & 
Macbride 1082 (G, S).—Wyomtnc: Jackson’s Hole, Merrill & Wilcox 1177 (G).— 
Urau: Lake Point, Tooele Co., Jones 1847 (S); Stansbury Island, Leonard in 1883 (G); 
Fish Lake, Sevier Co., Jones 57 (P); 50 miles north of St. George, Palmer 390 (G). 
—NeEvapA: Unionville, Pershing Co., Watson 763 (G); between Austin and Big Creek, 
Lander Co., Kennedy 4515 (S); Reno, Jones in 1900 (P); Charleston Mts., Jaeger in 
1926 (P).—CatirorniA: Tahoe, Placer Co., Sonne 283 (C, S); Independence, Inyo 
Co., Hall & Chandler 7221 (C); Cottonwood Creek, Tulare Co., Copeland in 1899 (S). 


6c. Orobanche californica var. typica n. nom. (PI. 39, fig. 13) 

O. californica C. & S. Linnaea 3: 134. 1829. O. comosa var. vallicola Jepson, 
Man. FI. Pl. Calif. 952. 1925. 

Plant 1-3 dm. tall, spicate or paniculate; lower pedicels usually not over 
1-2 cm. long; cauline bracts remote, lanceolate to ovate, 8-12 mm. long; 
flowers crowded, numerous; calyx 1-2 cm. long; corolla pale, with darker 
veins, 25 mm. long, upper lip ca. 8 mm. long, its lobes 2.5-3 mm. long, the 
lower lip 6-8 mm. long, with acute lobes; anthers glabrate. 


Type locality, San Francisco. Growing in central California. Representative ma- 
terial: Anderson, Shasta Co., Rich in 1921 (S); Snow Mt., Lake Co., Purpus 1215 (C); 
Mt. Diablo, Contra Costa Co., Elmer 4958 (C, S); Saratoga, Santa Clara Co., Jepson 
5157 (G), Fablinger in 1894 (C); Coyote, Jepson 6196, type coll. O. comosa var. vallicola 
(G); Santa Lucia Mts., Monterey Co., Palmer 338 (G). 


I have not seen type material, but the coastal plants of central Cali- 
fornia answer so well the description of O. californica that there seems to 
be no doubt as to their status. 


6d. OROBANCHE CALIFORNICA var. PARISHII Jepson, Man. Fl. Pl. Calif. 
952. 1925. (Pl. 39, fig. 14) 

Spicate or weakly paniculate, 5-15 cm. tall, several to many flowered; 
cauline bracts ovate, 5-8 mm. long, many nerved; calyx ca. 10 mm. long; 
corolla 18-22 mm. long, yellowish with darker veins, the lips 5-7 mm. long; 
stamens glabrate. 


Type locality, Bear Valley, San Bernardino Mts., California. In the mountains of 
southern California, at elevations above 2500 ft. on Eriodictyon, Hazardia, etc. Ma- 
terial seen, CALIFORNIA: Ft. Tejon, Kern Co., Hall 6301 (C); Cameron, Jones in 1900 
(P); Evey Canyon, San Antonio Mts., Johnston 1431 (P, S), 1429 (C); Devils Back- 
bone, Mt. San Antonio, Johnston 1762 (P, S), 1763 (G); trail to San Sevaine Flats, 
San Antonio Mts., Johnston in 1925 (P); Glen Martin, San Bernardino Mts., Feudge 
661 (P); Witch Creek, San Diego Co., Alderson in 1894 (C); Ramona, Brandegee in 
1894 (C), in 1896 (C); Julian, Brandegee in 1894 (C). 


For this variety I have not seen type material, but the submembranous 
character of the bracts and calyx, and the many parallel nerves mentioned 
by Jepson characterize the plants I have here referred to var. Parishit. 
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7. OROBANCHE LUDOVICIANA Nutt. Gen. N. Am. 2: 58. 1818. 

Phelipoea Ludoviciana Walp. Rep. 3: 461. 1844-45. Aphyllon Ludovici- 
anum A. Gray, Bot. Calif. 1: 585. 1876; Syn. Fl. 2': 313. 1878. Myzorrhiza 
Ludoviciana Rydb. in Small, Fl. S. E. U.S. 1093. 1903. 

Plant 1-3 dm. tall, puberulent, more or less viscid, simple or with few 
loose branches; lower flowers on pedicels up to 1.5 cm. long; calyx 5-12 mm. 
long, cleft, the segments somewhat unequal; corolla usually purplish, especi- 
ally on the upper lip, 12-30 mm. long, the lobes pointed, not rounded, erect; 
anthers usually somewhat pubescent, at least after dehiscence; stigma dis- 
coid, crateriform, capsule equaling or slightly exceeding calyx. 


KEY TO VARIETIES 
Corolla-lobes lanceolate, tapering gradually to acute tip; corolla 15-28 mm. long. 

Anthers pubescent; upper lip of corolla 5-8 mm. long; plant yellowish to brown. 
Lips of corolla 6-8 mm. long; calyx 10-12 mm. long; cauline bracts acute. Plains 
and prairies east of Rocky Mts...........7a. O. Ludoviciana var. genuina 
Lips of corolla 3-6 mm. long; calyx 5—8 mm. long; cauline bracts obtuse, rounded. 
Deserts from western Texas to California. ...7b. O. Ludoviciana var. Cooperi 
Anthers glabrous; upper lip of corolla 3 mm. long; whole plant very dark. San 
Gabriel Mts., southern California.............7¢. O. Ludoviciana var. valida 
Corolla-lobes broader, narrowed abruptly at tip; corolla 20-30 mm. long. Deserts from 
El Paso, Texas to California....................7d.O. Ludoviciana var. latiloba 


7a. OROBANCHE LUDOVICIANA var. GENUINA G. Beck, Bibl. Bot. 4: 81. 1890. 
(Pl. 39, fig. 15) 

O. Ludoviciana Nutt. Gen. N. Am. 2: 58. 1818. 

Stout, viscid-puberulent, 1-2 dm. tall, spicate; cauline bracts 5-10 mm. 
long, lanceolate to lance-ovate; lower flowers on pedicels up to 1 cm. long; 
cauline bracts lance-linear, ca. 1 cm. long; calyx 10-12 mm. long, the lobes 
lance-linear, somewhat unequal; corolla purplish, especially on upper lip, 
15-20 mm. long, the lips erect, 6-8 mm. long, the lobes acute, almost lance- 
olate; anthers somewhat pubescent, at least after dehiscence. 

Type locality, Ft. Mandan, North Dakota. Growing on Grindelia, Ambrosia, etc. 
in the plains region east of the Rocky Mountains. Material seen, SASKATCHEWAN: 
Plains, Macoun 1228 (G).—MontTANA: Otter Creek, Anderson 54 (C).—CoLorapo: 
Golden, Greene in 1870 (G).—Ituirnots: Dixon, Vasey (G); Athens, Menard Co., E. 
Hall in 1861 (G, P); White Co., collector not named, in 1909 (G).—NeEBRASKA: Deuel 
Co., Rydberg 5 (G); Minden, Hapeman in 1926 (S).—Kawnsas: Stockton, Bates in 1908 
(G).—Texas: Rio Brazos, Drummond (G); Uvalde, Palmer 2025 (G). 

7b. OROBANCHE LUDOVICIANA var. Cooper! (A. Gray) G. Beck, Bibl. Bot. 
4:81. 1890. (Pl. 39, fig. 17) 

A phyllon Cooperi A. Gray, Proc. Am. Acad. 20: 307. 1885; Syn. Fl. 2!: 
suppl. 455. 1886. A. Ludovicianum var. Cooperi Gray as synonym, in Proc. 
Am. Acad. l.c. Orobanche Cooperi Heller, Cat. N. Am. Pl. 7. 1898. Myzorrhiza 
Cooperi (A. Gray) Rydb. Bull. Torrey Club 36: 695. 1909, 
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Stems rather slender, 1-3 dm. tall, somewhat enlarged at base, puberulent, 
usually somewhat branched; cauline scales 5-10 mm. long, obtuse; pedicels up 
to 15 mm. long; calyx 5-8 mm. long; corolla 15-28 mm. long, the lobes 
purplish, acute, the lips 3-6 mm. long; anthers somewhat pubescent after 
dehiscence. 

Type locality, Ft. Mojave, Arizona. Largely on Franseria dumosa, on the deserts 
from California and Nevada to New Mexico and Sonora. There seem to be included 
here two series, one with rather large flowers, the true var. Cooperi, such as the Pringle 
collection from the Santa Catalina Mts.: Arizona, having corollas 24 mm. long; the 
other series with corollas 15-20 mm. long, as Munz, Johnston, & Harwood 4106. The 
two intergrade so completely that I am unable to maintain any distinction between 
them. As representative of the variety Cooperi may be cited, Texas: El Paso, Vasey 
in 1878 (C).—New Mexico: Socorro, Snow 6417 (S).—NEVADA: Mesquite Well, 
Goodding 2248 (G).—Sonora: Pinacate, Lumholiz 5 (G); Lerdo, Palmer 937 (G).— 
Arizona: Lowell, W. F. Parish 190 (G, S); Santa Catalina Mts., Pringle in 1884 (G); 
Hackberry, Jones in 1884 (P); Yucca, Jones in 1884 (P); Ft. Mojave, Cooper in 1860, 
type (G).—CALIFoRNIA: Darwin Mesa, Hall & Chandler 7169 (C); Ord Mt., Jepson 
5893 (G); Ludlow, Munz & Harwood 3410 (P); Hector, Munz, Johnston, & Harwood 
4106 (P); Palm Springs, Spencer 1988 (G); Indio, Jones in 1906 (P); Salton, Jaeger 1056 
(P); foot of Mt. Springs Grade, Peirson 4064 (FP); Chuckwalla Springs, Hall 5894 (C), 


It seems quite conservative to reduce this desert inhabitant to a variety 
of O. Ludoviciana, but the characters distinguishing it are very slight. 


7c. Orobanche Ludoviciana var. valida (Jepson) n. comb. (Pl. 39, 
fig. 16) 

O. valida Jepson, Madrona 1: 255. 1930. 

Whole plant dark, of brownish purple color, spicate, 1-2 dm. tall, rather 
slender, simple or with few branches; cauline bracts lanceolate, ca. 1 cm. long; 
pedicels short, the lowest barely 1 cm. long; calyx 7-9 mm. long, the segments 
lance-acuminate; corolla 12-14 mm. long, brownish purple, upper lip 3-4 mm. 
long, purple, the 2 lobes acute; lower lip 3 mm. long, yellowish, each lobe with 
dark purple midvein; anthers glabrous. 


Type locality, Rock Creek, San Gabriel Mts., Los Angeles Co., Calif. Material 
seen, CALIFORNIA, San Gabriel Mts., south trail to ‘Baldy Lookout,’ Johnston 5290 (P); 
south fork Rock Creek, Mabel Peirson in 1928, type coll. (FP). 


7d. Orobanche Ludoviciana var. latiloba n. var. (Pl. 39, fig. 18) 


Stem coarse, 1.5-3 dm. tall, puberulent, usually somewhat loosely 
branched; cauline bracts 5-8 mm. long, broad, suborbicular; calyx 10 to 12 
mm. long; corolla 20-30 mm. long, purplish especially on upper lip, the lips 
erect, 6-9 mm. long, the lobes broad, abruptly narrowed at tip; anthers some- 
what hairy. (Corolla 20-30 mm. longa, lobis latis, abrupte angustatis apice.) 


Type, on roots of Hymenoclea Salsola, in sandy wash at south base of Eagle Mts., 
Colorado Desert, Riverside County, California, Munz & Keck 4960, April 13, 1922, 
Pomona College Herbarium No, 14178; isotype at Stanford. 
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With much the same distribution as var. Cooperi, on the deserts of the Southwest, 
and confused with that variety, but with a very differently proportioned corolla. Repre- 
sentative material, CALIFORNIA: 12 miles east of Palmdale, L. A. Co., Peirson 6728 
(FP); Victor, Wright in 1888 (C); Fishponds, Mojave Desert, Parish in 1883 (S); 
Funeral Mts., Coville & Funston 434 (G, S); Dos Palmos, Colorado Desert, Munz 9977 
(P); Travertine Rock, Jaeger in 1918 (S).—S. Utan: Parry 145 (G), apparently this.— 
New Mexico: without locality, C. Wright 1449, in 1851 (G), 1450 (G), 426, in 1849 
(G). Near El Paso, Wright 1261, in 1849 (G) 


8. OROBANCHE MULTIFLORA Nutt. Jour. Acad. Nat. Sci. Phila. II. 1: 179° 
1848. 

A phyllon multiflorum (Nutt.) A. Gray, Bot. Calif. 1: 585. 1876; Syn. Fl. 
2': 313. 1878. Orobanche Ludoviciana Nutt. var. multiflora (Nutt.) G. Beck, 
Bibl. Bot. 4: 81. 1890. Myzorrhiza multiflora (Nutt.) Rydb. Bull. Torrey 
Club 33: 151. 1906. 

Spicate to thyrsoid, 5-20 cm. tall, quite viscidly grayish pubescent 
throughout; flowers nearly sessile; cauline bracts lance-ovate to ovate, ob- 
tuse, 5-12 mm. long; calyx 8-17 mm. long, deeply 5-cleft into lance-linear 
lobes; corolla yellow, purplish, or reddish, especially on the limb, 15-35 mm. 
long, the lips rather erect, 5-12 mm. long, with lobes rounded at apex; anthers 
tufted with long hairs or almost glabrate; stigma crateriform; capsule equal to 
or about two-thirds the length of the calyx. 


KEY TO VARIETIES 


Corolla 25-35 mm. long, the upper lip 9-12 mm. long; anthers with numerous long 
hairs. Mts. of S. Colorado, New Mexico and adjacent Mexico. . a 
8a. O. malitfers ° var. » tpplen 
Corolla 15-25 mm. long, the upper lip 5-7 mm. long; anthers sparingly, if at all 
pubescent. 
Anthers not conspicuously exserted, 2 mm. long; corolla purplish. 
Lower lip of corolla 6-7 mm. long, upper lip ca. 7 mm. long, slightly broader, rosy 


or purplish. Chihuahua. bab ewiink .8b. O. multiflora var. Pringlei 
Lower lip of corolla 4 mm. es upper 5 mm., purplish, slightly narrower. Colorado 
and Utah to Montana and Washington. . .8c. O. multiflora var. arenosa 


Anthers conspicuously exserted, 3 mm. long; corolla yellow. New Mexico........ 
8d. O. multiflora var. senthecheos 


8a. Orobanche multiflora var. typica n. nom. (PI. 39, fig. 19) 

O. multiflora Nutt. l.c. Phelipoea erianthera Engelm. in A. Gray, Proc. 
Am. Acad. 7: 372. 1867. 

Plant 10-20 cm. tall, pruinose-puberulent; cauline bracts ovate, obtuse, 
5-12 mm. long; calyx 12-17 mm. long; corolla 25-35 mm. long, with purplish 
limb, the upper lip 9-12 mm. long; anthers tufted with long hairs. 


Type locality, ‘Sandy ground along the bordersof the Rio del Norte,’ (Rio Grande). 
From New Mexico and adjacent Texas and Mexico. Characterized chiefly by the large 
size of the corollas and the copious long hair on the anthers. Material seen, NEw 
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Mexico: Rayado Creek, Colfax Co., Fendler 585 (G); Albuquerque, Jones in 1904 (P). 
—CoLorapo: Huerfano Valley, Parry 147, type coll. P. erianthera (G).—TExas?: Ft. 
Smith to the Rio Grande, Bigelow in 1853-4 (G); El Paso, Vasey in 1878 (C).—Mex- 
1co: Saltillo, Palmer 995 (G); Monterey, Canby 183 (G); Chihuahua, Thurber 1049 (G). 


8b. Orobanche multiflora var. Pringlei n. var. (Pl. 39, fig. 20) 

Plant 10-15 cm. tall; cauline bracts ovate, obtuse, 5-12 mm. long; calyx 
8-10 mm. long, the segments lanceolate; corolla 20-25 mm. long, the lips 
apparently rose-purple or paler, 5-7 mm. long; anthers sparingly pubescent. 
(Corolla 15-20 mm. longa; labiis 6-7 mm. longis, roseopurpureis, latis). 

Type from near Chihuahua, Chihuahua, June 3, 1885, Pringle 31 (G). Other ma- 
terial seen, CHIHUAHUA: Pringle 78 (G). 


8c. Orobanche multiflora var. arenosa (Suksdf.) n. comb. (Pl. 39, 
fig. 21) 

A phyllon arenosum Suksdf. Allg. Bot Zeitschr. 17: 27. 1906. 

Plant 5-15 cm. tall, fairly slender; cauline bracts lance-ovate; calyx 9-12 
mm. long; corolla purplish on the limb, 15-20 mm. long, the upper lip ca. 5 mm. 
long; anthers quite glabrous. 


Type locality, Bingen, Klickitat Co., Washington. On Chrysopsis, Artemis,a,i etc. 
ranging from eastern Washington to western Colorado, and California. Material seen, 
WASHINGTON: W. Klickitat Co., Suksdorf 2248 (C, G); Bingen, Suksdorf 2781, type 
collection (C, G); Rock Island, Kittitas Co., Sandberg & Leiberg 436 (C, G); WaWawai, 
Piper 2842 (G, P).—Wvyominc: Upper Geyser Basin, Yellowstone Park, Setchell in 
1905 (C); Gardiner River, Yellowstone Park, A. & E. Nelson 5994 (G); Glen Rock, 
Evermann in 1893 (S).—Cotorapo: Naturita, Payson 485 (G); Paradox, Walker 190 
(G).—CALIFoRNIA: Providence Mts. San Bernardino Co., Munz, Johnston, & Harwood 
4049 (P). Material from Utah is confusing, as it intergrades with var. typica; the follow- 
ing collections have flowers ca. 20 mm. long, as in var. arenosa, but considerable hair on 
the anthers as in var. typica: Cottrell’s Ranch, Jones 5658 (P); Willow Springs Pass, 
Jones in 1891 (P); Lake Point, Jones 1847 (P, S). Jones 5794 (P) from Fish Lake is 
nearer var. typica. 


8d. Orobanche multiflora var. xanthochroa (Nels. & CkIl.) n. comb. 
O. xanthochroa Nels. & Ckll. Bot. Gaz. 37: 278. 1904. 

Corolla 16-18 mm. long, pale yellow, with rounded lobes; upper lip 6 mm. 
long, lower 3-4 mm. long; anthers 3 mm. long, exserted. 

Type locality, Pecos, San Miguel Co., New Mexico. Type, collected in 1903 by 
Grabham (label says Cockerell), the only specimen seen. It is in the herbarium of the 
University of Wyoming. 
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Explanation of plates 38, 39 


Drawings made with the aid of camera lucida; they show in each case the limb of 
the dissected corolla, the upper lip being 2-lobed, the lower 3-lobed. Size of each corolla 
indicated below. 


PLATE 38 


Fig. 1. Orobanche multicaulis var. genuina, from type. Corolla 24 mm. long, the 
upper lip 6 mm. long. 

Fig. 2. O. multicaulis var. Palmeri, from Pringle 7022 (G). Corolla 19 mm. long, 
the upper lip 5 mm. 

Fig. 3. O. Dugesii, from type. Corolla 17 mm. long, upper lip 3 mm. 

Fig. 4. O. bulbosa, from Feudge 568. Corolla 12 mm. long, upper lip 4 mm. 

Fig. 5. O. pinorum, from Hall 364. Corolla 19 mm. long, upper lip 3mm. 

Fig. 6. O. Grayana var. violacea, from Copeland 3330. Corolla 40 mm. long, the 
upper lip 11 mm. 

Fig. 7. O. Grayana var. Nelsonii, from Macoun 749. Corolla 32 mm. long, the 
upper lip 11 mm. 

Fig. 8. O. Grayana var. Feudgei, from Munz 7687. Corolla 32 mm. long, the up- 
per lip 10 mm. 

Fig. 9. O. Grayana var. typica, from MacKay 3. Corolla 30 mm. long, the upper 
lip 10 mm. 

Fig. 10. O. Grayana var. Jepsonii, from Jones collection at Duncan Mills. Corolla 
30 mm. long, the upper lip 12 mm. 


PLATE 39 


Fig. 11. Orobanche californica var. claremontensis, from type. Corolla 26 mm. long, 
upper lip 8 mm. 

Fig. 12. O. californica var. corymbosa, from Cusick 2669. Corolla 28 mm. long, 
upper lip 5 mm. 

Fig. 13. O. californica var. typica, from Jepson 6196. Corolla 27 mm. long, upper 
lip 8 mm. 

Fig. 14. O. californica var. Parishii, from Johnston 1431. Corolla 20 mm. long, 
upper lip 6 mm. 

Fig. 15. O. Ludoviciana var. genuina, from the White Co., Ill. specimen at Gray 
Herbarium. Corolla 20 mm. long, the upper lip 8 mm. 

Fig. 16. O. Ludoviciana var. valida, from Johnston 5290. Corolla 15 mm. long, the 
upper lip 3 mm. 

Fig.17 O Ludoviciana var Cooperi, from the Pringle specimen from Santa 
Catalina Mts. Corolla 24 mm. long, the upper lip 6 mm. 

Fig. 18. O. Ludoviciana var. latiloba, from type. Corolla 30 mm. long, the upper 
lip 10 mm. 

Fig. 19. O. multiflora var. typica, from Jones collection made at Albuquerque. 
Corolla 35 mm. long, the upper lip 12 mm. 

Fig. 20. O. multiflora var. Pringlei, from type. Corolla 24 mm. long, the upper 
lip 7 mm. 


Fig. 21. O. multiflora var. arenosa, from isotype at Gray. Corolla 16 mm. long, the 
upper lip 5 mm. 
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by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 
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Bailey, I. W., & Zirkle, C. The cambium and its derivative tis- 
sues. VI. The effects of hydrogen ion concentration in vital 
staining. Jour. Gen. Physiol. 14: 363-383. f. 1, 2. Ja 1931. 

Bailey, D. L. Stem rust in western Canada. Canada Agr. Exp. 
Sta. Bull. 106: 1-31. f. 1-20. 1928. 

Bakke, A. L., & Erwin, A. T. Hydration in sweet corn. Iowa 
State Coll. Jour. Sci. 5: 5-14. f. 1-5. O 1930. 

Baxter, E. M. Notes on Opuntia pycnantha. Jour. Cactus & 
Succ. Soc. Am. 2: 386-388. tllust. Ja 1931. 

Baxter, E. [M.] Some cactuses from southern Baja California. 
Jour. Cactus & Succ. Soc. Am. 2: 283-284. Au 1930. 
Beecroft, W. I. Some south African milkweeds Asclepiadaceae, 

Stapelia, Duvalia, Huernia. Desert 2: 115. allust. Ja 1931. 

Belling, J. Chromomeres of liliaceous plants. Univ. California 
Publ. Bot. 16: 153-170. f. 1-11. 20 Ja 1931. 

Bemis, E. W. A white-flowered form of Aster amethystinus. 
Rhodora 33: 63. ‘“F’’ 30 Ja 1931. 

Berkeley, G. H. Strawberry diseases. Canada Agr. Exp. Sta. 
Bull. 80: 49-53. allust. 1929. 

Bigelow, E. F. From bacteria and desmids to oaks and sequoias. 
Guide to Nature 23: 18-20. allust. D 1930. 

Blake, S. F. Carex Bebbii in eastern Massachusetts. Rhodora 
33: 63-64. “F’’ 30 Ja 1931. 

Blake, S. F. A new Limonium from Haiti. Jour. Washington 
Acad. Sci. 21: 12-13. 44 Ja 1931. 

Limonium haitiense, sp. nov. 

Blizzard, A. W. Plant sociology and vegetational change on 
High Hill, Long Island, New York. Ecology 12: 208-231. 
f. 1-11. Ap 1930. 

Bonisteel, W. J. Aconites and other drug plants. Jour. N. Y. 
Bot. Gard. 32: 15-16. Ja 1931. 

Britton, N. L. Notes on Byrnesia Weinbergiit (T. B. Shepherd) 
Rose. Jour. Cactus & Succ. Soc. Am. 2: 414. F 1931. 
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Britton, N. L. Note on Pilocereus Sirausstt. Jour. Cactus & Succ. 
Soc. Am. 2: 397. illust. Ja 1931. 

Brown, N. E. A strange new plant Maughania insignis N. E. 
Br. Jour. Cactus & Succ. Soc. Am. 2: 389-390. Ja 1931. 

Burret, M. Eine neue Palmengattung aus Siidamerika. Notizbl. 
Bot. Gart. Berlin 11: 48-51. f. 7. 30 D 1930. 

Burret, M. Palmae novae austroamericanae. Notizbl. Bot. Gart. 
Berlin 11: 1-19. 30 D 1930. 

Bush, B. F. Francis Daniels’ Carices. Am. Midl. Nat. 12: 185- 
194. Ja 1931. 


Calvino, E. M. Un bell’arbusto della California (Photinia arbu- 
tifolia Lindley). Costa Azzurra Agr. Flor. 10: 309-310. 
itllust. D 1930. 

Campbell, D. H. Some notes on the Brazilian flora. Madrono 
2: 1-8. f. 1, 2. 30 Au 1930. 

Capt, L. The morphology and life history of Antithamnion. 
Publ. Puget Sound Biol. Sta. 7: 369-389. f. /-37. 30 D 
1930. 

Chamberlain, C. J. Elements of plant science. i-xii, 1-394. 
f. 1-321. New York, McGraw Hill Book Co., 1930. 

Chaney, R. W. A Sequoia forest of Tertiary age on St. Lawrence 
Island. Science II. 72: 653-654. 26 D 1930. 

Chardon, C. E., & Toro, R. A. Mycological exploration of 
Colombia. Jour. Dep. Agr. Porto Rico 14: 195-369. pl. 
30-35. QO 1930. 

Cheney, R. H. Geographic and taxonomic distribution of Ameri- 
can plant arrow poisons. Am. Jour. Bot. 18: 136-145. 
f. 1-3. 19 F 1931. 

Ciferri, R., & Bruner, S. C. Cercospora bataticola, n. sp., para- 
site of the sweet potato in America. Phytopathology 21: 
93-96. f. 1. Ja 1931. 

Clute, W. N. The marsh marigold. Am. Bot. 37: 1, 2. dllust. 
Ja 1931. 

Cockerell, T. D. A. Some matters of nomenclature. Torreya 31: 
13-14. Ja-F 1931. 

Cooper, W. S. A third expedition to Glacier Bay, Alaska. Ecol- 
ogy 12: 61-95. f. 1-14. Ja 1931. 

Copeland, E. B. Miscellaneous oriental Pteridophytes. Univ. 
California Publ. Bot. 12: 383-418. pl. 49-54. 23 Ja 1931. 


Eighteen new species in various genera are described. 


Copeland, E. B. Pteridophytes collected for the Arnold Arbo- 
retum on Vanikoro, Santa Cruz Islands, by S. F. Kajewski. 
Jour. Arnold Arbor. 12: 46-49. Ja 1931. 


Three new species are described. 
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Copeland, E. B. Rarotonga ferns, collected by Harold E. and 
Susan Thew Parks. Univ. California Publ. Bot. 12: 375- 
381. 23 Ja 1931. 


Includes descriptions of six new species. 


Cottle, H. J. Studies in the vegetation of southwestern Texas. 
Ecology 12: 105-155. f. 1-47. Ja 1931. 


Dallas, W. K. The blueberry. Its development in North America 
and the New Zealand introductions. N. Zealand Jour. Agr. 
41: 168-172. allust. 20 S 1930. 

Darrow, G. M., & Detwiller, S. B. Currants and gooseberries: 
their culture and relation to white-pine blister rust. U. S. 
Dep. Agr. Farm. Bull. 1398: 1-42. f. 1-27. 1930. 

Revised bulletin. 


Davis, W. B., & Church, C. G. The effect of ethylene on the 
chemical composition and the respiration of the ripening 
Japanese persimmon. Jour. Agr. Res. 42: 165-182. f. 1-8. 
1 F 1931. 

DeLong, W. A., Beaumont, J. H., & Willaman, J. J. Respiration 
of apple twigs in relation to winter hardiness. Plant Physiol. 
5: 509-534. f. 1-7. O 1930. 

Dengler, R. E. Theophrastus: de causis plantarum. Book I. 
Text, critical apparatus, translation, and commentary. 
1-143. Philadelphia, 1927. 

Dickey, F. V. V. A short history of Jris. Bull. Gard. Club Am. 
1930: 47-53. N 1930. 

Dietz, S. M. The varietal response and inheritance of resistance 
in barley to Erysiphe gramminis Horde P. F. 4. Iowa 
State Coll. Jour. Sci. 5: 25-32. pl. 1. O 1930. 

Dowding, E. S. The sexuality of the normal, giant, and dwarf 
spores of Pleurage anserina (Ces.), Kuntze. Ann. Bot. 45: 
1-13. pl. 1. Ja 1931. 

Drayton, F. L. A summary of the prevalance of plant diseases 
in the Dominion of Canada, 1920-1924. Canada Dep. Agr. 
Bull. 71: 1-88. 1926. 

Drayton, F. L. The yellow disease of hyacinths. Pseudomonas 
Hyacinthi (Wakker) E. F. S. Canada Agr. Exp. Sta. 
Pamph. 104: 1-7. allust. 1929. 


Elcock, H. A. Phytomonas beticola. Phytopathology 21: 13-40. 
f. 1, 2. Ja 1931. 

Erlanson, E. W. Sterility in wild roses and in some species 
hybrids. Genetics 16: 75-96. f. 1. Ja 1931. 

Evans, M. W. Relation of latitude to time of blooming of 
timothy. Ecology 12: 182-187. f. 1. Ap 1930. 
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Fairchild, D. Sexuality in a sea weed. Jour. Heredity 21: 419- 
420. allust. O 1930. 

Faris, J. A. El dominio del mosaico de la cafia de azitcar en el 
campo Cubano. Bol. Union Panamericana 64: 968-983. S 
1930. 

Felt, E. P. Insects in relation to plant life. Jour. N. Y. Bot. 
Gard. 32: 7-10. Ja 1931. 

Fernald, M. L. Scirpus pumilus in the Rocky Mountains. Rho- 
dora 31: 23-24. 2 Ja 1931. 

Fernald, M. L. Specific segregations and identities in some 
floras of eastern North America and the old world. Rhodora 
33: 25-63. pl. 204. maps 1-31. ‘‘F’’ 30 Ja 1931. 

Contr. Gray Herb., Harvard Univ. No. XCIII. 


Frear, D. E. A negative correlation observed between the nitrate 
nitrogen in the juice of beet leaves and the weight of the 
leaves. Jour. Agr. Res. 42: 53-56. 1 Ja 1931. 

Frick, G. A. Euphorbia coerulescens. Jour. Cactus & Succ. Soc. 
Am. 2: 309-310. illust. S 1930. 

Frye, T. C. Splitting of the leaf of Nereocystis. Publ. Puget 
Sound Biol. Sta. 7: 413-416. f. 1-5. 30 D 1930. 

Fulling, E. H. Shrubs with colorful fruit. Am. Home 5: 373-412. 
tllust. F 1931. 


Gager, C. S. Report on a European trip of the director. Brook- 
lyn Bot. Gard. Rec. 20: 1-24. f. 14-19. Ja 1931. 

Gardner, F. E. Useful device for evaporating alcohol from plant 
extracts. Plant Physiol. 5: 617-619. f. 7. O 1930. 

Garcia Canizares, E. Botanica general y descriptiva. i—xx, 
1-546. pl. 1-43. Havana, 1930. 

Gates, H. E. Ferocactus rectispinus. Jour. Cactus & Succ. Soc. 
Am. 2: 390-391. allust. Ja 1931. 

Gates, H. E. Milky Mamillarias of lower California. Desert 2: 
133. allust. F 1931. 

Gates, H. E. Pereskiopsis of Baja California, Mexico. Jour. 
Cactus & Succ. Soc. Am. 2: 311-312. S 1930. 

Giles, A. W. Peat as a climatic indicator. Bull. Geol. Soc. Am. 
41: 405-430. 30 S 1930. 

Gilman, J. C., & Barron, D. H. Effect of molds on temperature 
of stored grains. Plant Physiol. 5: 565-573. f. 1, 2. O 1930. 

Goldsworthy, M. C., & Smith, R. E. Studies on a rust of cling- 
stone peaches in California. Phytopathology 21: 133-168. 
f. 1-10. F 1931. 

Greaves, J. D. The microflora of a rich sulphate-containing 
soil. Jour. Agr. Res. 42: 183-186. 1 F 1931. 
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Groves, A. B. Natural fire-blight infections on Spiraea Van- 
houttet. Phytopathology 21: 89-91. f. 1, 2. Ja 1931. 

Gundersen, A. Report on a trip to England and northern 
Europe. Brooklyn Bot. Gard. Rec. 20: 25-32. Ja 1931. 

Giissow, H. T. Grand Prairie weeds. A provisional review. 
Canada Agr. Exp. Sta. Pamph. 117: 1-12. 1930. 

Giissow, H. T. Perennial apple tree canker. Canada Agr. Exp. 
Sta. Pamph. 116: 1-7. allust. 1930. 

Gyelnik, V. Lichenes extraeuropaei novi criticique. Repert. 
Spec. Nov. 29: 1-10. 31 Ja 1931. 


Describes Lobaria subamplissima, sp. nov. from Maryland. 


Haddow, W. R. Studies in Ganoderma. Jour. Arnold Arbor. 12: 
25-46. pl. 29, 30+f. 1. Ja 1931. 

Hansen, N. E. Evergreens in South Dakota. S. Dakota Agr. 
Exp. Sta. Bull. 254: 1-33. f. 1-8. O 1930. 

Hansen, N. E. Experiments in plant heredity. S. Dakota Agr. 
Exp. Sta. Bull. 217: 1-24. Ap 1929. 

Hansen, N. E. Plant introductions (1895-1927). S. Dakota Agr. 
Exp. Sta. Bull. 224: 1-64. My 1927. 

Hansen, N. E. The shade, windbreak, and timber trees of South 
Dakota. S. Dakota Agr. Exp. Sta. Bull. 246: 1-48. f. 1-5. 
Mr 1930. 

Harger, E. B., & others. Additions to the flora of Connecticut 
(First supplement to Bulletin No. 14). Connecticut Geol. 
& Nat. Hist. Surv. Bull. 48: 1-94, i—vii. 1930. 

Harms, H. Zur Kenntnis von Lysitloma guachapele (H. B. K.) 
Benth. Notizbl. Bot. Gart. Berlin 11: 52—56. 30 D 1930. 
Includes description of Sertanthes inopinata, sp. nov. from Brazil. 

Harper, F. Physiographic and faunal areas in the Athabaska 
and Great Slave Lakes. Ecology 12: 18-32. f. 1-5. Ja 1931. 

Harper, R. M. Persistence of exotic plants under forest condi- 
tions. Torreya 31: 1-7. Ja—F 1931. 

Harriman, P. A. Effect of various methods of storage on the 
chlorophyll content of leaves. Plant Physiol. 5: 599-606. 
f. 1.0 1930. 

Hawkins, R. S. Field experiments with cotton. Arizona Agr. 
Exp. Sta. Bull. 135: 553-581. f. 1-7. 15 D 1930. 

Henderson, N. F. Ohio mosses, Hypnales. Ohio Jour. Sci. 31: 
44-75. Ja 1931. 

Henderson, R. G. Transmission of tobacco ring spot by seed of 
Petunia. Phytopathology 21: 225-229. f. 1, 2. F 1931. 
Hendrickson, A. H. Apricot growing in California. California 

Agr. Ext. Div. Circ. 51: 1-39. f. 1-14. D 1930. 


Includes a chapter on the diseases of apricots. 
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Hockey, J. F. Apple scab. Canada Agr. Exp. Sta. Pamph. 62: 
1-7. f. 1-3. 1927. 

Hoggan, I. A. Further studies on aphid transmission of plant 
viruses. Phytopathology 21: 199-212. f. 1, 2. F 1931. 
Hollick, A. Plant remains from a Pleistocene Lake deposit in the 
Upper Connecticut River Valley. Brittonia 1: 35-55. pl. 

1-11.28 F 1931. 

Horne, W. T., & Parker, E. R. The avocado disease called sun 
blotch. Phytopathology 21: 235-238. f. 1, 2. F 1931. 
Howard, F. L. The life history of Physarum polycephalum. Am. 

Jour. Bot. 18: 116-133. pl. 12-—19+f. 1. 19 F 1931. 

Howe, M. A. Botanical exploration of the Island of Hainan. 
Jour. N. Y. Bot. Gard. 32: 45—46. F 1931. 

Howe, M. A., & Taylor, W. R. Notes on new or little-known 
marine algae from Brazil. Brittonia 1: 7-33. pl. 1, 2+f. 
1-16. 28 F 1931. 

Hurst, R. R. Late blight and rot of potatoes caused by the 
fungus Phytophthora infestans (Mont.) deBary. Canada 
Agr. Exp. Sta. Bull. 119: 1-13. f. 1-6, illust. 1930. 

Imai, Y. Linkage studies in Pharbitis Nil. I. Genetics 16: 26-41. 
Ja 1931. 

Jackson, H. S. Present evolutionary tendencies and the origin 
of life cycles in the Uredinales. Mem. Torrey Bot. Club 18: 
1-108. f. 1. 5 F 1931. 

Jenkins, A. F. Lima-bean scab caused by Elsinoe. Jour. Agr. 
Res. 42: 13-23. pl. 1-5. 1 Ja 1931. 

Jenkins, A. E. Scab of Canavalia caused by Elsinoe Canavaliae. 
Jour. Agr. Res. 42: 1-12. pl. 1-4. 1 Ja 1931. 

Jlensen], L. P. A white-flowering partridge pea. Missouri Bot. 
Gard. Bull. 19: 38-39. pl. 10. F 1931. 

Johansen, D. A. The chromosomes of Piper subpeltatum. Am. 
Jour. Bot. 18: 134-135. f. 1-3. 19 F 1931. 

Johansen, D. A. The Fouquierias. Desert 2: 120—121. illust. Ja 
1931. 

Johnson, J., & Hoggan, I. A. The challenge of plant virus dif- 
ferentiation and classification. Science II. 73: 29-32. 9 Ja 
1931. 

Johnson, J., Murwin, H. F., & Ogden, W. B. The germination 
of tobacco seed. Wisconsin Agr. Exp. Sta. Res. Bull. 104: 
1-15. pl. 1-4. D 1930. 

Johnston, C. O. Another host for Ustilago striaeformis (Westd.) 
Niesel. Phytopathology 21: 241. F 1931. 

Jones, L. R. William Allen Orton, 1877-1930. Phytopathology 
21: 1-11. portrazt. Ja 1931. 
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Jones, M. E. Botanizing in the Barrancas of lower California. 
Desert 2: 132, 135. F 1931. 


Kakizaki, Y. Hybrid vigor in egg-plants and its practical utili- 
zation. Genetics 16: 1-25. f. 1, 2. Ja 1931. 

Kearney, T. H. Genetics of cotton. A survey of our present 
knowledge. Jour. Heredity 21: 409-415. f. 9. S 1930. 
Kelley, A. P. Occurrence of Pinus pungens Lamb. on the At- 

lantic Coastal Plain. Torreya 31: 8. Ja—F 1931. 

Kendall, J. An aberrant Nicotiana with 91 chromosomes. Am. 
Jour. Bot. 18: 114-115. pl. 11. 19 F 1931. 

Kissinger, D. Echinocereus Blankit. Jour. Cactus & Succ. Soc. 
Am. 2: 414. illust. F 1931. 

Klyver, F. D. Notes on the life history of Tetraspora gelatinosa 
(Vauch.) Desv. Arch. Protistenkunde 66: 290-296. pl. 8. 
1929. 

Klyver, F. D. Major plant communities in atransect of the Sierra 
Nevada Mountains of California. Ecology 12: 1-17. f. 1, 2. 
Ja 1931. 

Kostoff, D. A chromosomal chimera in tobacco. Jour. Heredity 
21: 445-448. f. 5-7. O 1930. 

Kostoff, D. A fertile triple hybrid, Nicotiana Tabacum X( Nico- 
tiana sylvestrisX Nicotiana Rusbyi). Preliminary report. 
Am. Jour. Bot. 18: 112-113. pl. 10. 19 F 1931. 

Krecher, F. H. Vertical oscillations or seiches in lakes as a factor 
in the aquatic environment. Ecology 12: 156-163. f. 1-4. 
Ap 1930. 


Larson, A. H. William Hofmesiter. Plant Physiol. 5: 613-616. 
pl. 9. O 1930. 

Le Clerg, E. L. The relation of leaf blight to sun scald of honey- 
dew melons. Phytopathology 21: 97—98. f. 1. Ja 1931. 
Lindquist, J. C. Algunos honogos nuevos parasitos de las plantas 
cultivadas de la Republica Argentina. Rev. Agron. Univ. 

Nac. LaPlata 19: 197-210. f. 1-7. D 1930. 

Lochhead, A. G., & Heron, D. A. Microbiological studies of 
honey. Canada Agr. Exp. Sta. Bull. 116: 1-46. f. 1-17. 
1929. 

Ludwigs, K. Scales on cacti. Desert 2: 116. zllust. Ja 1931. 

Lund, E. J., & Bush, M. Electric correlation potentials in the 
leaf of Bryophyllum. Plant Physiol. 5: 491-505. pl. 5-7 
+f. 1-9. O 1930. 


McCallum, A. W. Decay in balsam fir (Abies balsamea Mill.). 
Canada Agr. Exp. Sta. Bull. 104: 1-25. pl. 1-7 +f. 1. 1928. 
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McCrea, A. The reactions of Claviceps purpurea to variations of 
environment. Am. Jour. Bot. 18: 50-78. pl. 7, 8.27 Ja 1931. 

McLean, F. T. The fragrant Gladiolus at last. Am. Home 5: 378, 
414. allust. F 1931. 

McLean, F. T. One hundred kinds of bananas. Jour. N. Y. Bot. 
Gard. 32: 13-15. Ja 1931. 

Macleod, D. J. The black leg disease of potatoes (Bacillus phy- 
tophthorus (Frank) Appel). Canada Agr. Exp. Sta. Pamph. 
105: 1-10. pl. 1-10. 1930. 

Marloth, R. H. The influence of hydrogen-ion concentration and 
of sodium bicarbonate and related substances on Penicil- 
lium ttalicum and P. digitatum. Phytopathology 21: 169— 
198. f. 1-6. F 1931. 

Martin, J. H., Harris, J. A., & Jones, I. D. Freezing-point de- 
pression and specific conductivity of sorghum tissue fluids. 
Jour. Agr. Res. 42: 57-69. 15 Ja 1931. 

Maskell, E. J., & Mason, T. G. Studies on the transport of 
nitrogenous substances in the cotton plant. V. Movement 
to the boll. Ann. Bot. 44: 657-688. f. 1-7. J] 1930. 

Melcher, L. E. Downy mildew of sorghum and maize in Egypt. 
Phytopathology 21: 239-240. F 1931. 

Mell, C. D. Biography of the word ‘“‘mahogany.”’ Timberman 
[1-7.] O-D 1930. 

Merrill, E. D. On Miquel’s Kwangtung species as based on 
Krone’s collection. Sunyatsenia 1: 1-48. pl. 1-20. Je 1930. 

Merrill, E. D. One-name periodicals. Brittonia 1: 1-5. 28 F 
1931. 

Merrill, E. D., & Chun, W. Y. Contributions to our knowledge 
of the Kwangtung flora. Sunyatsenia 1: 49-84. Je 1930. 
Thirteen new species in various genera are described. 

Meyer, B. S. Effects of mineral salts upon the transpiration and 
water requirement of the cotton plant. Am. Jour. Bot. 18: 
79-93. f. 1-3. 27 Ja 1931. 

Meyer, R. R., & Walker, E. R. The vegetative anatomy of 
Impatiens pallida. Trans. Am. Micros. Soc. 50: 1-19. 
pl. 1-3. Ja 1931. 

Mildbraed, J. Acanthaceae novae. Notizbl. Bot. Gart. Berlin 
11: 62-71. 30 D 1930. 


Nine new species from S. America are included. 


Muenscher, W. C. Chamaecyparis thyoides in Orange County, 
New York. Torreya 31: 9. Ja—F 1931. 

Mumford, E. P. Studies in certain factors affecting the resistance 
of plants to insect pests. Science II. 73: 49-50. 9 Ja 1931. 
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Nebel, B. R. Xenia and metaxenia in apples. Geneva, N. Y. 
Agr. Exp. Sta. Tech. Bull. 170: 1-16. f. 1-5. D 1930. 
Neff, I. J. Bluebells of Scotland. Am. Bot. 37: 12-13. Ja 1931. 
Nieuwland, J. A., & Just, T. New and interesting plant records 
from northern Indiana. Am. Midl. Nat. 12: 216-223. Ja 
1931. 
Describes Arisaema deflexum sp. nov. 

Nieves, R. Contribucion al conocimento de la ‘‘caries”’ del trigo 
( Tilletia sp.) sus caracteres biologicos, sus comportamiento 


genetico, bases para la creacién de variedades resistentes. 
Rev. Agron. Univ. Nac. LaPlata 19: 211-230. D 1930. 


Palm, B. Pinus and Boletus in the tropics. Svensk. Bot. Tidsk. 
24: 519-523. f. 1-3. 1930. 

Parker, K. W., & Sampson, A. W. Influence of leafage removal 
on anatomical structure of roots of Stipa pulchra and 
Bromus hordeaceus. Plant Physiol. 5: 543-553. f. 1-4. O 
1930. 

Pennell, F. W. Aureolaria Rafin. Pflanzenareale 3: 9. pl. 7—10. 
Ja 1931. 

Perry, F. Ecological notes on the flora of the Bridge River dis- 
trict of British Columbia. Vancouver Mus. & Art. Notes 
5: 150-159. allust. D 1930. 

Poole, R. F. Plant disease studies. N. Carolina Agr. Exp. Sta. 
Ann. Rep. 53: 101-109. f. 1-4. 1 D 1930. 

Pratt, T. W. Preliminary study of elongation of roots of Georgia 
collards as affected by sodium luminal. Plant Physiol. 5: 
587-597. f. 1-3. O 1930. 

Piring], G. H. ‘‘The dancing girl’’ orchid (Oncidium stipitatum). 
Missouri Bot. Gard. Bull. 19: 33-34. pl. 6, 7. F 1931. 
P[ring], G. H. Mormodes atropurpureum. Missouri Bot. Gard. 

Bull. 19: 37-38. pl. 9. F 1931. 

P[ring], G. H. The swan orchid (Cycnoches Warscewiczii) Mis- 
souri Bot. Gard. Bull. 19: 35-37. pl. 8. F 1931. 

Priode, C. N. Target blotch of sugar cane. Phytopathology 21: 
41-58. pl. 1+f. 1-7. Ja 1931. 

Purdy, C. California wild flowers. Jour. N. Y. Bot. Gard. 32: 
43-45. F 1931. 

Rahn, O. The order of death of organisms larger than bacteria. 
Jour. Gen. Physiol. 14: 315-337. f. 1-7. 20 Ja 1931. 

Rathbun-Gravatt, A. Germination loss of coniferous seeds due 
to parasites. Jour. Agr. Res. 42: 71-92. 15 Ja 1931. 
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Raup, H. M. The formation of peat ridges on the shores of 
Muskeg Lakes in northern Alberta. Rhodora 33: 18-23. 
f.1, 2.2 Ja 1931. 

Raup, H. M. The vegetation of the Fort Reliance sand-plain. 
Ann. Carnegie Mus. 20: 9-38. pl. 1-6. O 1930. 

Rea, H. E. Callusing of cotton stem cuttings. Plant Physiol. 5: 
575-585. pl. 8. O 1930. 

Robinson, B. L. Emile Francis Williams. Rhodora 33: 1-18. 
portratt. 2 Ja 1931. 

Robbins, R. C. Vegetation. Bull. Garden Club Am. 1930: 5-23. 
N 1930. 

Rouch, E. M. F. Asynopsis of Robinsonella. Jour. Arnold Arbor. 
12: 49-59. f. 1-7. Ja 1931. 

Rusby, H. H. Will our chestnut tree return? Jour. N. Y. Bot. 
Gard. 32: 11-13. f. 3. Ja 1931. 

Rydberg, P. A. A short phytogeography of the prairies and 
Great Plains of central North America. Brittonia 1: 57-66. 
pl. 1. 28 F 1931. 


Saunders, C. F. Botanical recreation in southern California. 
Am. Bot. 37: 3-7. Ja 1931. 

Sax, K. The origin and relationships of the Pomoideae. Jour. 
Arnold Arbor. 12: 3-22. pl. 28. Ja 1931. 

Schaffner, J. H. Studies in determinate evolution IV. Long- 
continued determinative orthogenetic series. Ohio Jour. 
Sci. 31: 1-16. Ja 1931. 

Schmidt, O. C. Beitrige zur Kenntnis der Flora Westindiens 
V. Repert. Spec. Nov. 29: 10-17. 31 Ja 1931. 

Schmidt, O. C. Zur Kenntnis der Gattung Weinmannia L. in 
Peru. Repert. Spec. Nov. 29: 30-32. 31 Ja 1931. 

Schreiner, E. J. The role of disease in the growing of poplar. 
Jour. Forest. 29: 79-82. Ja 1931. 

Schreiner, E. J. Twospecies of Valsa causing disease in Populus. 
Am. Jour. Bot. 18: 1-29. pl. 1-5. 27 Ja 1931. 

Shannon, E. L., & Altman, L. C. Growth in Codium mucrona- 
tum. Publ. Puget Sound Biol. Sta. 7: 391-392. f. 1. 30 D 
1930. 


Shapovalov, M., & Lesley, J. W. Effect of shading on the rate 
of development of tomato yellows. Phytopathology 21: 83- 
87. f. 1-3. Ja 1931. 

Shoemaker, J. S. Raspberries and blackberries in Ohio. Ohio 
Agr. Exp. Sta. Bull. 454: 1-42. f. 1-14. Je 1930. 

Shreve, F. Carnegiea gigantea Britton et Rose. Pflanzenareale 
3: 7-8. pl. 6. Ja 1931. 
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Shreve, F. Die Fouquieraceen. Pflanzenareale 3: 3-4. pl. 4. Ja 
1931. 

Shreve, F. Larrea tridentata Cav. Pflanzenareale 3: 5-6. pl. 5. 
Ja 1931. 

Shreve, F. Physical conditions in sun and shade. Ecology 12: 
96-104. f. 1-6. Ja 1931. 

Sinclair, J. D., & Sampson, A. W. Establishment and succes- 
sion of vegetation on different soil horizons. Hilgardia 5: 
155-174. f. 1-9. Ja 1931. 

Slate, G. L. Filberts. Geneva N. Y. Agr. Exp. Sta. Bull. 588: 
1-32. f. 1-3. D 1930. 

Slavin, A. D. Several forms of native and naturalized trees. Am. 
Midl. Nat. 12: 224-226. Ja 1931. 

Small, J. K. The brittle-thatch—Thrinax microcarpa. Jour. 
N. Y. Bot. Gard. 32: 1-6. f. 1, 2. Ja 1931. 

Small, J. K. A fanleaf-palm— Washingtonta filifera. Jour. N. Y. 
Bot. Gard. 32: 33-43. f. 1, 2. F 1931. 

Includes biographical notes by J. H. Barnhart. 

Smith, C. O. Pathogenicity of Bacillus amylovorus on species of 
Juglans. Phytopathology 21: 219-221. f. /—10. F 1931. 
Snell, W. H. Forest damage and the white pine blister rust. 

Jour. Forest. 29: 68-78. f. 1. Ja 1931. 

Sparrow, F. K. The classification of Pythium. Science II. 73: 
41-42. 9 Ja 1931. 

Standley, P. C. The Cyperaceae of Central America. Field Mus. 
Nat. Hist. Publ. Bot. 8: 239-292. 26 Ja 1931. 

Standley, P. C. Flora of the Lancetilla Valley, Honduras. Field 
Mus. Nat. Hist. Publ. Bot. 10: 1-418. pl. 1-48. 15 Ja 1931. 

Standley, P. C. The Rubiaceae of Ecuador. Field Mus. Nat. 
Hist. Publ. Bot. 7: 179-251. 5 F 1931. 

Stevens, F. L. Further observations regarding ultra-violet ir- 
radiation and perithecial development. Philippine Agr. 19: 
491-499. f. 1-6. Ja 1931. 

Stevens, F. L. A misnomer in the use of the term sooty mold. 
Philippine Agr. 19: 549. Ja 1931. 

Stewart, D. Sugar-beet yellows caused by Fusarium conglu- 
tinans var. Betae. Phytopathology 21: 59-70. f. 1-4. Ja 
1931. 

Stewart, F. C., & Glasgow, H. Aphids as vectors of leafroll 
among sprouting potato tubers. Geneva, N. Y. Agr. Exp. 
Sta. Tech. Bull. 171: 1-21. f. 1-6. D 1930. 

Stout, A. B. Notes on new hybrid daylilies. Jour. N. Y. Bot. 
Gard. 32: 25-33. f. 1-5. F 1931. 
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Swallen, J. R. Five new grasses from Colombia. Jour. Washing- 
ton Acad. Sci. 21: 14-16. 4 Ja 1931. 

Swingle, C. F. Kalanchoes from Madagascar. Desert 2: 127- 
128. allust. F 1931. 

Swingle, C. F. More about Malagash succulents. Jour. Cactus 
& Succ. Soc. Am. 2: 415-417. illust. F 1931. 

Sydow, H. Novae fungorum species XX. Ann. Myc. 28: 432- 
447. 30 D 1930. 


Taubenhaus, J. J., Ezekiel, W. N., & Lusk, J. P. Preliminary 
studies on the effect of flooding on Phymatotrichum root- 
rot. Am. Jour. Bot. 18: 95-101. 19 F 1931. 

Thomas, W. The feeding power of plants. Plant Physiol. 5: 443 
489. O 1930. 

Toro, R. A. The Cercosporae of Puerto Rico. Jour. Dep. Agr. 
Porto Rico 15: 1-17. Ja 1931. 

Torrey, R. N. Fantastic frost crystals on dried stems of Dittany. 
Torreya 31: 10—12. tllust. Ja—F 1931. 


Uphof, J. C. T. Sarraceniaceae. Pflanzenaceale 3: 1-2. pl. 1-3. 
Ja 1931. 

Uphof, J. C. T. Vegetationsbilder der déstlichen Staaten von 
Nordamerika. Vegetationsbilder 21: 28. pl. 1-12. 1930. 


Van Eseltine, G. P. A preliminary study of the unicorn plant 
(Martyniaceae). Geneva, N. Y. Agr. Exp. Sta. Tech. Bull. 
149: 1-41. f. 1-15. Mr 1929. 

Varvel, C. D. The Scioto marshes of Ohio: a study in the ge- 
ography of onion culture. Ohio Jour. Sci. 31: 17-28. f. 1-8. 
Ja 1931. 

Victorin, Marie-(Frére). Le genre Roripa dans le Québec. 
Contr. Lab. Bot. Univ. Montreal 17: 1-17. f. 1-7. 1930. 

Von Ohlen, F. W. A microchemical study of soybeans during 
germination. Am. Jour. Bot. 18: 30-49. pl. 6+. 1-4. 27 Ja 
1931. 


Waksman, S. A., & Gerretsen, F. C. Influence of temperatues 
and moisture upon the nature and extent of decomposition 
of plant residues by microorganisms. Ecology 12: 33-60. 
f. 1-10. Ja 1931. 

Waller, A. E. The native Jris of Ohio and bordering territory. 
Ohio Jour. Sci. 31: 29-42. pl. 1. Ja 1931. 

Walther, E. Gastrolea. Jour. Cactus & Succ. Soc. Am. 2: 303- 
307. f. 1-6. S 1930. 

Warner, M. F. ‘‘Plant emigrants.”’ Nat. Hist. Mag. 10: 10-19. 
illust. Ja 1931. 

Waugh, F. A., & Thompson, C. H. Hardy woody plants. Massa- 
chusetts Agr. Exp. Sta. Bull. 267: 148-192. dllust. O 1930. 

Weber, G. F. Lightning injury of potatoes. Phytopathology 21: 
213-218. f. 1-3. F 1931. 
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New names and the final members of new combinations are in bold face type. 


Acer 168, 170, 239; Florissanti 239; oregoni- 
ana 239; rubrum 167, 169, 173, 175, 510; 
saccharinum 424; saccharum 3, 8, 9, 19 

Acer, The morphogenetic relationships be- 
tween cell and organ in the petiole of 1 

Achillea borealis 338; Millefolium 167, 175, 
341 

Acrotylus clavatus 394 

Actaea arguta, 334 

Actinococcus aggregatus 
cutaneus 607 

Adenodesma 67 

Adenostoma 614 

Adiantum pedatum aleuticum 328, 330 

Aeschinanthus 318 

Agropyron tenerum 331; violaceum 331 

Agrostis hiemalis geminata 331; palustris 
340, 341 

Ahnfeltia Durvillaei 608; plicata 608 

Aira caespitosa 331 

Alaska, The seed-plants and ferns of the 

Glacier Bay National Monument 327 

Albugo candida 428 

Alga from Australia, Bactrophora irregu- 
laris, a new brown 381 

Algae new to Bermuda, Two genera of 389 

Algae of Uruguay, Notes on the 605 

Allium vineale 174 

Alnus tenuifolia 328, 333 

Alsine aquatica 512; media 40, 343, 512 

Alternanthera 510 

Amarantus retroflexus 175 

Ambrosia coronopifolia 30; psilostachya 30; 
trifida 510 

Amelanchier canadensis 170, 175 

American Botanical Literature, Index to 
76, 141, 183, 259, 347, 409, 515, 561, 625 

Ammophila 171, arenaria 166, 174 

Ampelomyces quisqualis 421, 423 

Ampelopsis arborea 510, 512 

Amphiroa Beauvoisii 610; foliacea 610 

Anaphalis margaritacea 338 

Andropogon scoparius 174 

Anemone hudsoniana 334; parviflora 334 

Angelica genuflexa 336 

Anoplanthus comosus 615 

Antennaria borealis 338; monocephala 338; 

pallida 338 

Anthoceros, 277, 281, 282, 525, 526, 528- 
530, 585 

Antirrhinum majus 49 

Aphyllon arenosum 623; californicum 617; 
comosum 615; Cooperi 620; Dugesii 613; 
Ludovicianum 620; Ludovicianum Coo- 
peri 620; multiflorum 622; pinetorum 614; 
tuberosum 614; violaceum 616 

Apium Ammi 512, 513 

Arabis ambigua 334; hirsuta 334; lyrata 175; 
virginica 512 


607, 608; sub- 


Arctostaphylos Uva-ursi 336 

Arctous alpina 336 

Areca 495 

Arenaria peploides 166, 175; serpyllifolia 
175, 342 

Arisaema japonica 58 

Aristida tuberculosa 174 

Armillaria mellea 489; mucida 489 

Arnica Chamissonis 338; obtusifolia 338 

Artemisia caudata 166, 175; gnaphaloides 
34; spinescens 34-36; Stelleriana 166, 171, 
175; tridentata 615 

Aruncus vulgaris 334 

Ascobolus magnificus 493 

Asparagus officinalis 174 

Aspergillus 129 

Asplenium viride 330 

Aster subspicatus 338; tenuifolius 164, 175 

Astereae: the origin of their furrow con- 
figurations, Pollen grains in the identifi- 
cation and classification of plants—V. 
Haplopappus and other 21 

Astragalus 397, 402, 406; accidens 400; ad- 
surgens 402; alpinus 335; apilosus 401; 
araneosus 406; arrectus 400-402; ar- 
rectus Kelseyi 400; atratus 404; atro- 
pubescens 400, 401; Beckwithii 400; 
boiseanus 400; Bolanderi 400; Cimae 400; 
Congdoni 398; conjunctus 403; conjunc- 
tus oxytropoides 403; Cusickii 400, 401; 
drepanolobus 405; Drummondii 399; 
eremiticus 400; eremiticus Spencianus 
400; galegoides 398; glaber 400, 401; 
Hendersoni 400; Hoodianus 403; Howellii 
397; iodanthus 407; Kelseyi 400-402; 
Layneae 398; lentiginosus 406, 407; leuco- 
phyllus 400, 401; malheurensis 400, 401; 
Michauxianus 401; microcystis 403; 
misellus 397, 404; miser 403, 404; 
mokiacensis 406; obscurus 400, 402, 404, 
405; palousensis 400, 401; panamintensis 
405; Pattersonil 401; racemosus 398, 399; 
racemosus brevisetus 397; rasus 398; 
reventoides 402; reventus 400, 402, 403; 
reventus conjunctus 402; salinus 400; 
scopulorum 398; straturensis 404; sub- 
compressus 398, sulcatus 399; terminalis 
400, 402; Traskiae 399; tricarinatus 405; 
ursinus 406; vallaris 400; Wilsoni 406 

Atelophragma 399; Rusbyi 405 

Athyrium filix-foemina 328, 330 

Atrichum 526, 527, 529; undulatum 526, 529 

Atriplex alaskensis 333; Gmelini, 333; 
patula hastata 164, 166, 174 

Australia, Bactrophora irregularis, a new 
brown alga from 381 

Avena brevis 497; nuda chinensis 449; 
sativa 449, 462 

Avicennia nitida 513 

Azalea 302 
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Baccharis 27, 510, 513, 615; halimifolia 167, 
175 

Bacopa Monniera 512 

Bactrophora 381, 384-386; Filum 381, 385; 
irregularis 385; nigrescens 381, 386; 
vermicularis 381, 383, 385 

Bactrophora irregularis, a new brown alga 
from Australia 381 

Bamboo, Phyllostachys nigra, with special 
reference to atmospheric conditions of 
temperature and moisture, Daily peri- 
odicity of growth in the 533 

Bambusa Balcoa 534; gigantea 534; macro- 
culmis 534; spinosa 535; vulgaris 534; vul- 
garis vittata 534 

Basella 32; alba 375 

Basisporium 236; gallarum 235, 236 

Berberis 172; vulgaris 170, 175 

Berchemia scandens 512 

Bermuda, Two genera of algae new to 389 

Berry, Epwarp W., A new miocene cercis 
from Idaho and Washington 239 

— 170, 171, 341; populifolia 169, 171, 
174 

Bidens bipinnata 167, 175 

Bignonia tomentosa 47 

Blakea argentea 75; brachyura 75; caudata 
75; rostrata 75 

BiinKs, LAWRENCE ROGERs and ANNE Hor 
BLINKS, Two genera of algae new to 
Bermuda 389 

Botp, Harotp C., Life history and cell 
structure of Chlorococcum infusionum 
577 

Boltonia 24 

Borrichia frutescens 513 

Boschniakia rossica 337; tuberosa 614 

Botanical Literature, Index to American 76, 
141, 183, 259, 347, 409, 515, 561, 625 

Botrychium vulgare 330 

Botrytis 452, 475; cinerea 452 

Boussingaultia baselloides 31 

Bowers, Clement Gray, The development of 
pollen and viscin strands in Rhododen- 
dron catawbiense 285 

Brassica pekinensis 461 

Bromus mollis 446; tectorum 166, 174; se- 
calinus 446 

Brown, Cvarr A., Plants observed on an ex- 
cursion to Grand Isle, Louisiana 509 

Brunnichia cirrhosa 510 

Bryopsis plumosa 606 

Bryum 527; argenteum 526, 527, 529 

Buchnera elongata 512 

Buckwheat grown in solution cultures, Toxic 
effects of iodine and nickel on 127 

Burragea 315, 321 

Bursa Bursa-pastoris 342, 343 

Byssocystis textilis 421, 423 


Caeoma nitens 462, 488, 489, 493, 496 

Cakile 171; edentula 164, 166, 175 

Calamagrostis neglecta 331; scabra 331 

Calandrinia 28 

Callithamnion 610; Arbuscula 609, 610; 
Felipponei 609, 610 


Callitriche 512; palustris 335 

Caltha palustris asarifolia 334 

Camarophyllus virgineus 488 

Campanula alaskana 338 

CAMPBELL, DouGLAs HovuGutTon, The re- 
lationships of Paulownia 47 

Capriola Dactylon 512 

Carduus spinosissimus 510 

Carex capillaris 332; cryptocarpa 332; 
Hassei 332; Hepburnii 332; incurva 332; 
Lyngbyei 332; macrochaeta 332; phaeo- 
cephala 332; vulgaris 332 

Carpites menthoides 239 

Carthamnus lanatus 28 

Carya 169 

Cassia idahoensis 239 

Castanea 169; castaneaefolia 239; dentata 
169 

Castilleja lancifolia 337; lutescens 337; 
miniata 337; pallida 337; rhexifolia 337 

Catalpa 50; speciosa 47 

Catharinea 525 

Celastrus scandens 167, 170, 175 

Celtis 168, 172; laevigata 512; occidentalis 
167, 169, 170, 173, 174 

Cenchrus pauciflorus 512; tribuloides 166, 
174 

Centaurea melitensis 28 

Centella repanda 511, 512 

Centunculus minimus 512 

Cephalosporium acremonium 237 

Cerastium viscosum 512; vulgatum 340, 
342, 343 

Ceratcthamnion Pikeanum 609, 610 

Cercis 239-242; canadensis 242; chinensis 
242; idahoensis 240, 241, 243; occidentalis 
241, 242; siliquastrum 242; spokanensis 
243 

Cerebratulus 373 

Chaerophyllum Tainturieri 512 

Chaetochloa purpurascens 512; viridis 342 

Chaetomorpha 155; aerea 595 

Chamaecyparis 172 

Characium 585, 586, 589 

Chelidonium majus 512 

Chenopodium album 342; anthelminticum 
512; deltaphyllum 559; Fremontii 559; 
leptophyllum 174 

Chlamydomonas 360, 365, 594, 599; Kleinii 
365, 366; nasuta 586, 594; Steinii 365 

Chloris petraea 512 

Chlorococcum 577-579, 583, 584, 587, 588, 
590, 593, 595; humicolum 590, 591, 593, 
598, 599; infusionum 577, 578, 582, 583, 
586, 587, 589-591, 595-599 

Chlorococcum infusionum, Life history and 
cell structure of 577 

Chlorogonium 360, 599 

Chloroplasts of Selaginella, The 277 

Chondria dasyphylla 609 

Chrysanthemum Leucanthemum 343 

Curyser, M. A., The origin and develop- 
ment of the vegetation of Sandy Hook 163 

Chrysopsis elata 560 

Cicinnobolus 421-437; Asteris 423; Cesatii 
421, 423, 424, 431; cotoneus 423; floren- 
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tinus 421, 423; Humuli 423, 424; major 
423; Oidii 423; quercinus 424; Verbenae 
424; Uncinulae 423, 424 

Cicinnobolus Cesatii, a study in 
parasite relationships 241 

Cintractia Sorghi-vulgaris 446 

Circaea 319 

Cirsium lanceolatum 342 

Cladophora 594, 605; fracta 605; fracta 
simplex 605 

Cladosiphon nigrescens 381 

Cladothamnus 309 

Clarkia 319 

Clerodendron paniculatum 36 

Closterium 579, 586, 588, 589 

Cnemidophacos 402 

CosurRN, HELEN R., and Doris L. DEAN, 
The effect of increased activities and 
change in mode of transportation upon 
the distribution of introduced species in 
the vicinity of Douglas Lake, Michigan 
339 

Cochlearia oblongifolia 334 

Codium decorticatum 606, 608; decumbens 
606; lineare 606 

Coelopleurum Gmelini 336 

Coleochaete 436 

Colletotrichum 475; Lindemuthianum 452 

Cotiins, G. N., The phylogeny of maize 
199 

Colombia and Ecuador, Studies on the flora 
of northern South America—XIV. Melas- 
tomataceae from 63 

Colorado, New plants from 559 

Commelina erecta 512 

Conioselinum Gmelini 336 

Coniothyrium terricola 123, 124 

Coniothyrium terricola proves to be a 
species of Thielavia 123 

Conringia orientalis 339 

Convolvulus sepium 167, 175 

Cooper, WILLIAM S., The seed-plants and 
ferns of the Glacier Bay National Monu- 
ment, Alaska 327 

Coprinus curtus 489; ephemerus 488, 489, 
493; ephermeroides 489; fimetarius 493; 
Friesii 493; narcoticus 489; radians 489; 
stercorarius 489 

Corallina granifera 610; officinalis 610 

Corallorhiza Mertensiana 332 

Cornus 172; florida 167, 169, 170, 175 

Corradoria complanata 609 

Corydalis 32; lutea 36 

Corynomorpha 389; clavata 394; prismatica 


~ 


host- 


Cosmos, 21 

Cotton, MARJORIE, Toxic effects of iodine 
and nickel in buckwheat grown in solu- 
tion cultures 127 

Cremanium 72 

Crepis nana 338 

Cryptantha 560; exigua 560 

Cryptogramma acrostichoides 330 

Cryptopleura fimbriata 608 

Cucurbita Pepo 20 

Cuscuta 513 
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Cycloloma atriplicifolium 174 

Cynoglossum officinale 342 

Cyperus diandrus 174; 
Grayii 174; strigosus 174 

Cypripedium montanum 332 

Cystium 400, 406, 407; araneosum 407; dif- 
fusum 406; heliophilum 400; lentigino- 
sum 406 

Cystococcus humicola 590 

Cystopteris fragilis 330 


esculentus 512; 


Dactylis glomerata 174 

Dahlia 371-373, 375-378; coccinea 371; ex- 
celsa 371; pubescens 371; variabilis 32, 
371 

Dahlia pollen grains, The origin of the six- 
furrowed configuration of 371 

Daily periodicity of growth in the bamboo, 
Phyllostachys nigra, with special refer- 
ence to atmospheric conditions of tem- 
perature and moisture 533 

Dariuca 431; filum 431 

Dasya 610 

DEAN, Doris L., and HELEN R. Cosurn, 
The effect of increased activities and 
change in mode of transportation upon 
the distribution of introduced species in 
the vicinity of Douglas Lake, Michigan 
339 

Dendrocalamus 534, 536, 548, 549; giganteus 
535, 536 

Dendropogon usneoides 510 

Development of pollen and viscin strands in 
Rhododendron catawbiense, The 285 

Development of the vegetation of Sandy 
Hook, The origin and 163 

Dianthus 456; Carthusianorum 457 

Diaporthe 492 

Dichondra carolinensis 512 

Dichromena colorata 511, 512 

Diospyros virginiana 512 

Diplacus 50 

Diplodia 236, 237; Zeae 233, 236 

Distichlis spicata 164, 174 

Doassansia 487 

Dodecatheon pauciflorum 336 

Douglas Lake, Michigan, The effect of in- 
creased activities and change in mode of 
transportation upon the distribution of 
introduced species in the vicinity of 339 

Drimys Winteri 303 

Dryas Drummondii 328, 334; integrifolia 
335; octopetala 335 

Dryopteris dilatata 328, 330; Linnaeana 330 

DuRRELL, L. W., The pathology of maize 
233 


Ecuador, Studies on the flora of northern 
South America—XIV. Melastomataceae 
from Colombia and 63 

Effect of chloroform upon the rotation in the 
internodes of Nitella, The 153 

Effect of increased activities and change in 
mode of transportation upon the distribu- 
tion of introduced species in the vicinity 
of Douglas Lake, Michigan, The 339 
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Effects of iodine and nickel on buckwheat 
grown in solution cultures, Toxic 127 

Eleocharis 512; albida 512; palustris 332 

Elliottia 309 

Elymus 335; arenarius 331, 333; virginicus 
174 

Emmons, CHESTER W., Cicinnobolus Ce- 
satii, a study in host-parasite relation- 
ships 421; Coniothyrium terricola proves 
to be a species of Thielavia 123 

Empetrum nigrum 335 

Endophyllum Euphorbiae 488, 489 

Enteromorpha compressa 605, 606; com- 
pressa procerrima 606; compressa con- 
stricta 605; intestinalis 605; Linza 605; 
prolifera 606 

Entyloma 487; Nymphaeae 453, 454 

Epilobium 302, 317; adenocaulon 335; 
anagallidifolium 335; angustifolium 304, 
335; behringianum 335; Bongardi 335; 
latifolium 328, 335; leptocarpum 336 

Epiphyllum truncatum 31 

Equisetum 282; arvense 330; hyemale ro- 
bustum 330; scirpoides 330; variegatum 
328, 330, 335 

Eragrostis pectinacea 174; pilosa 174; 
secundiflora 512 

Erianthus 510 

Erica 303, 304; denticulata 303; stricta 303; 
tetralix 304, 309 

Erigeron 510, 616; acris 338; peregrinus 338; 
repens 512; strigosus 31, 34, 35, 36, 46; 
uniflorus 338 

Eriophorum Scheuchzeri 332 

Erysiphe 421, 422, 425-430, 437; Cicho- 
racearum 423, 424, 428, 431; Galeopsidis 
421 

Eucharis 452 

Euchlaena 199-203, 205-210; mexicana 200, 
201; perennis 200-202, 208, 230 

Eudorina 359-362, 364-366; Carteri 361- 
363; charkowiensis 361; echidna 361, 362, 
364; elegans 359, 360, 362, 636; illinois- 
ensis 361; plusicocca 360-364; stagnale 
362; Steinii 362; unicocca 360-364 

Euhaplopappus 46 

Eumiconia 67-69 

Euonymus Knowltoni 239 

Eupatorium capillifolium 510;  urticae- 
folium 167, 176 

Euphorbia 511, 512; Cyparissias 342; poly- 
gonifolia 166, 171, 175 

Euphrasia mollis 337 

Euscapania 87 

Evans, ALEXANDER W., Three species of 
Scapania from western North America 87 


Fabaceae—XIII, Notes on 397 

Fagara Clava-Herculis 512 

Fagus pacifica 239 

Fatsia horrida 336 

Ferns of the Glacier Bay National Monu- 
ment, Alaska, The seed-plants and 327 

FESSENDEN, ANNA PARKER, and JOSEPHINE 
E. Titpen, Bactrophora irregularis, a 
new brown alga from Australia 381 


Festuca octoflora 512; rubra 331 

Flora of northern South America—XIV. 
Melastomataceae from Colombia and 
Ecuador, Studies on the 63 

Fragaria 175; chiloensis 335 

Fraxinus 239; americana 31; caroliniana 510 

Fresenia fasciculata 31, 35 

Fritillaria camtschatcensis 332 

Fumaria spicata 39, 40 

Funaria 527; americana 526, 5 

Fusarium 452; moniliforme 235 


Galeopsis Tetrahit 421 

Galera tenera 488, 489 

Galium Aparine 512; Claytonii 512; tr - 
fidum 337; triflorum 337 

Gaura 302 

Gaylussacia 172 

Gelidium cartilagineum 607; corneum 606- 

610 

Genetics of maize, The 221 

Gentiana acuta 337; propinqua 337 

Geranium carolinianum 512; Robertianum 
167, 175 

Gerardia 164 

Geum macrophyllum 335 


Gigantochloa 536; aspera 535 

Gigartina elegans 607 ; Teedii 607 

Glacier Bay National Monument, Alaska, 
The seed-plants and ferns of the 327 

Glaux maritima 336 

Gueason, H. A., Studies on the flora of 
Northern South America—XIV. Melasto- 
mataceae from Colombia and Ecuador 63 

Gleditsia triancanthos 510, 512 

Glyptostrobus europaeus 239 

Gnaphalium obtusifolium 166, 176; pur- 
pureum 512 

Godetia 324 

Gonium 359, 364-367; formosum 366, 367; 
lacustre 367; pectorale 366, 367; sacculi- 
ferum 368; sociale 366-368 

Grateloupia cuneifolia 610; filicina 607, 610 

Grindelia 615 

Gymnogongrus Griffithsiae 607, 608 

Gymnostyles anthemifolia 512 


Haastia 24 

Habenaria bracteata 332; dilatata 332; 
hyperborea 332; leucostachys 332 

Haematococcus 365 

Halicystis 389-391, 393, 394; Osterhoutii 
389, 392, 393; ovalis 389, 390, 392, 393; 
parvula 389, 393 

Hamosa 398, 404-406; atratiformis 404 

Haplopappus acaulis glabratus 24, 27, 31, 
32, 46; acaulis typicus 27, 31, 32, 46; 
chrysanthemifolius 46; ciliatus 30, 31; 
croceus typicus 31; divaricatus 24; eri- 
coides 31; Hartwegi 31; lanuginosus 
Andersonii 30, 31; lanuginosus typicus 29, 
30, 31, 46; linearifolius interior 31; Mac- 
Leanii 30, 31, 33, 36, 46; propinquus 24; 
spinulosus glaberrimus 29, 31; spinulosus 
scabrellus 29, 31; stenophylus 31, 34, 46 
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Haplopappus and other Astereae: the origin 
of their furrow configurations, Pollen 
grains in the identification and classifica- 
tion of plants—V 21 

Harris, J. ARTHUR, TRUMAN A. PAscoE,and 
Ivan D. Jones, Note on the tissue fluids 
of Phoradendron juniperinum parasitic 
on Juniperus utahensis 113 

Hartmannia 319 

Hecastocleis Shockleyi 30 

Hedera 2 

Hedysarum americanum 335 

Hein, ILLo, The tetrakaidecahedron in 
pseudoparenchyma 59 

Helianthus 424; tuberosus 423, 436, 437 

Helminthosporium 128 

Hemerocallis 292; fulva 292 

Heracleum lanatum 336 

Hesperonix 400 

Heterogaura 315 

Heuchera glabra 334 

Hibiscus 164; Moscheutos 168, 175 

Hippuris vulgaris 336 

Homalobus 405; tenuifolius 405 

Honkenya peploides oblongifolia 333 

Hordeum boreale 331; distichum 445 

Host and pathogen in the oat smut, Ustilago 
Avenae, Relation of 443 

Host-parasite relationships, 
Cesatii, a study 241 

Howe, MARsHALL A., Notes on the algae of 
Uruguay 605 

Hudsonia 171; tomentosa 166, 167, 175 

Humaria granulata 490, 492 

Hydrocotyle 511, 512; vulgaris 318 

Hydrodictyon 585, 587-589, 593, 594, 598 

Hygrocybe ceracea 488; conica 488 

Hypericum perforatum 31 

Hypnea musciformis 608 

Hypochnus subtilis 489 


Cicinnobolus 


Idaho and Washington, A new miocene 
Cercis from 239 

Ilex 169, 171, 172; opaca 167-170, 172, 173, 
175; verticillata 167, 175; vomitoria 512 

Impatiens 302; balsamina 302 

Incarvillea 50 

Index to American Botanical Literature 76, 
141, 183, 259, 347, 409, 515, 561, 625 

Induced alteration of sex in the male plant 
of Mercurialis 51 

Internodes of Nitella, The effect of chloro- 
form upon the rotation in the 153 

Ipomoea 294, 305, 309; Pes-Caprae 511, 512; 
purpurea 294 

Iris 306 

Isnardia palustris 512 

Isoetes 281, 282, 306, 525, 526, 531; lacus- 
tris 282; melanopoda 277, 530 

Iva oraria 164, 176 


Jatropha 495 

JOHANSEN Dona p A., Studies on the mor- 
phology of the Onagraceae—IV. Steno- 
siphon linofolium 315 

Jongs, Ivan D., J. ARTHUR HARRIS and TRU- 
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MAN A. Pascog, Note on the tissue fluids 
of Phoradendron juniperinum parasitic on 
Juniperus utahensis 113 

Juncus alpinus 332; aristulatus 512; balticus 
332; brachycarpus 512; castaneus 332; 
confusus 559; dichotomus 174; exilis 
559; Haenkei 332; Mertensianus 332; 
Roemerianus 513; triglumis 332 

Juniperus 169, 171, 172, 306; utahensis 113, 
116; virginiana 166, 167, 169, 170, 174 

Juniperus utahensis, Note on the tissue 
fluids of Phoradendron juniperum para- 
sitic on 113 


Kip, E. P., and A. C. Smitu, The South 
American species of Viburnum 245 

Killipia pedunculata 65; quadrangularis 65 

Ko_k, LAuRA ALMA, Relation of host and 
pathogen in the oat smut, Ustilago 
Avenae 443 

Kyllinga brevifolia 512 


Lantana horrida 512 

Lapulla deflexa 342 

Larix 372, 373 

Lathraea 306 

Lathyrus 171; maritimus 166, 175, 335 

Laurus grandis 239; princeps 239; similis 239 

Leandra caquetensis 64 

Lechea maritima 166, 167, 1 

Lemna major 117; minor 117 

Lepidium virginicum 167, 175, 341, 343 

Lepra infusionum 578 

Lepraria infusionum 578 

Leptarrhena pyrolifolia 334 

Leptosphaeria Coniothyrium 490 

Libocedrus 239 

Life history and cell structure of Chloro- 
coccum infusionum 577 

Ligusticum scothicum 336 

Lilium 492 

Limnia spathulata 31, 34, 36 

Limnodictyon Roemerianum 582, 598 

Limonium carolinianum 164, 175 

Linaria vulgaris 166, 175 

Linpstrom, E. W., The genetics of maize 
221 

Liquidambar 239; californica 239 

Liriodendron 169; Tulipifera 169 

Literature, Index to American Botanical 76, 
141, 183, 259, 347, 409, 515, 561, 625 

Lithothamnium 389, 391; mesomorphum 
391 

Loiseleuria 309 

Lomatogonium rotatum 337 

Loranthus 495 

Louisiana, Plants observed on an excursion 
to Grand Isle 509 

Lupinus nootkatensis 335 

Luzula campestris 332 

Lycopodium alpinum 330; annotinum 330; 
Selago 330; sitchense 330 


Ma, Rosert Moa.ine, The chloroplasts of 
Selaginella 277; Starch deposition in the 
sporogenous cells of certain mosses 525 

Maize plant, The ontogeny of the 211 
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Maize, The genetics of 221 

Maize, The pathology of 233 

Maize, The phylogeny of 199 

Malaxis diphyllos 332 

Marcetia taxifolia 63 

Marsilea quadrifolia 277, 282 

Medicago arabica 512; lupulina 175 

Meibomia from Mexico, Two new species of 
181 

Melandryum 456 

Melastomataceae from Colombia and Ecua- 
dor, Studies on the flora of northern South 
America—XI1V 63 

Melia Azedarach 512 

Melilotus 306; indica 510; officinalis 175 

Menispermum 170, 172; canadense 167, 169, 
170, 175 

Menyanthes trifoliata 337 

Menziesia ferruginea 336 

Mercurialis annua 51, 57, 58 

Mercurialis, Induced alteration of sex in the 
male plant of 51 

Mertensia micrantha 560 

Mesogloia Filum 381 

Method of obtaining pure cultures of Spiro- 
dela polyrhiza, A 117 

Mexico, Two new species of Meibomia from 
181 

Miconia Alberti 70; biglomerata 69; brachy- 
gyna 72; campestris 69; erosa 70; granu- 
losa 73; Lehmannii 72; macrophylla 66, 
67; macrotis 67; mimica 72; minuta 72; 
nigricalyx 67; obovata 72; pallida 72, 73; 
paspaloides 69; rhytidophylla 68; scorpi- 
oides 70; spatellophora 71; stricta 71; 
submacrophylla 65; titanophylla 67; tri- 
chophora 68; ulmarioides 70; Voronovii 66 

Microglossa sessilifolia 24; volubilis 24 

Miocene Cercis from Idaho and Washington, 
A new 239 

Misella 398 

Moehringia lateriflora 333 

Moneses uniflora 336 

Monilia cinerea 490; fructigena 490 

Monolena bracteata 64; cordifolia 64 

Monostroma 586 

Montia fontana 39 

Morella cerifera 512 

Morphogenetic relationships between cell 
and organ in the petiole of Acer, The 1 

Morphology of the Onagraceae—IV. Steno- 
siphon linifolium, Studies on the 315 

Morton, Conrap V., Two new species of 
Meibomia from Mexico 181 

Morus alba 512 

Mosses, Starch deposition in the Sporo- 
genous cells of certain 525 

Mount Roraima, Notes on Pteridophyta 
from 177 

Munz, Puivip A., The North American spe- 
cies of Orobanche, section Myzorrhiza 611 

Mutisia viciaefolia 288 

Mycosphaerella Bolleana 431; cerasella 431; 
personata 431 

Myrica 172, 173, 510; asplenifolia 168, 174; 
carolinensis 166, 168-170, 174 





Myriophyllum spicatum 336 

Myrmidone filiformis 74 

Myzorrhiza californica 617; Cooperi 620; 
corymbosa 618; Grayana 615; Hutchin- 
soniana 612; ludoviciana 620; multiflora 
622; pinorum 615; tuberosa 614 

Myzorrhiza, The North American species of 
Orobanche, section 611 


Narcissus 306 

Naucoria semiorbicularis 488, 489 

Nepeta Cataria 167, 175, 342 

Nerium Oleander 31, 32, 512 

New miocene Cercis from Idaho and Wash- 
ington, A 239 

New plants from Colorado 559 

NicHoLs, SusAN P., The effect of chloro- 
form upon the rotation in the internodes 
of Nitella 153 

Nicotiana 373 

Nitella 153, 155, 156, 159, 160 

Nitella, The effect of chloroform upon the 
rotation in the internodes of 153 

Nitophyllum calophylloides 608; Curdie- 
anum 608; fimbriatum 608 

North America, Three species of Scapania 
from western 87 

North American species of Orobanche, sec- 
tion Myzorrhiza, The 611 

Nostoc botryoides 577 

Notes on Fabaceae—XIII 397 

Notes on Pteridophyta from Mount Ro- 
raima 177 

Notes on the algae of Uruguay 605 

Notes on the tissue fluids of Phoradendron 
juniperum parasitic on Juniperus utah- 
ensis 113 

Notes on the Volvocales—I-IV 359 

Notothylas 277, 281, 282, 525, 526, 528-530 

Nymphaea reniformis 453 

Nyssa 171; aquatica 510; hesperia 239; 
Knowltoni 239 

Oat smut, Ustilago Avenae, Relation of host 
and pathogen in the 443 

Oedogonium 606 

Oenothera 302-305, 307, 378; biennis 166, 
167, 175; laciniata 512, 560 

Oidium 421 

Onagraceae—IV. Stenosiphon linifolium, 
Studies on the morphology of the 315 

Ontogeny of the maize plant, The 211 

Ophiobolus graminis 455 

Ophrys cordata 332 

Opuntia vulgaris 167, 175 

Oreinotinus 245; ayavacensis 255; ferrugin- 
eus 249, 250; furcatus 249; glabratus 250; 
Halli 251; Jamesonii 249; lasiophyllus 
248; laurifolius 252; Mathewsii 253; 
obovatus 251; pichinchense 250; reticu- 
latus 258; tinoides 254; triphyllus 252; 
triphyllus macrophylius 252; undulatus 
248 

Origin and development of the vegetation 
of Sandy Hook, The 163 

Origin of the six-furrowed configuration of 
Dahlia pollen grains, The 371 
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Orobanche bulbosa 612, 614; californica 612, 
617-619; californica claremontensis 618; 
californica corymbosa 618; californica 
Parishii 618, 619; californica typica 617- 
619; comosa 615, 617; comosa vallicola 
617, 619; comosa violacea 616; Cooperi 
620; Dugesii 611-613, Grayana 612, 615, 
617, 618; Grayana Feudgei 615, 616; 
Grayana Jepsonii 615, 617; Grayana 
Nelsonii 615, 616; Grayana typica 616, 
617; Grayana violacea 615, 616; ludo- 
viciana 612, 613, 620, 621; ludoviciana 
Cooperi 620; ludoviciana genuina 620; 
ludoviciana latiloba 620, 621; ludoviciana 
multiflora 622; ludoviciana valida 620, 
621; multicaulis 611-613; multicaulis 
genuina 613; multicaulis Palmeri, 613; 
multiflora 612, 622; multiflora arenosa 
622, 623; multiflora Pringlei 622, 623; 
multiflora typica 622; multiflora xantho- 
chroa 622, 623; pinorum 612, 614; tu- 
berosa 614; valida 621; xanthochroa 612, 
623 

Orobanche, section Myzorrhiza, The North 
American species of 611 

Osmorhiza divaricata 336; purpurea 336 

OsTERHOUT, GEORGE E., New plants from 
Colorado 559 

Ostrya oregoniana 239 

Oxyria digyna 333 

Oxytropis campestris 335; gracilis 335 


Pandorina 361, 364-366; charkowiensis 365 

Panicum amarum minor 174; clandestinum 
174; lanuginosum 512; repens 512; 
sphaerocarpon 512; virgatum 174 

Parnassia Kotzebuei 334; palustris 334 

Pascoe, TRUMAN A., J. ARTHUR HARRISand 
Ivan D. Jones, Note on the tissue fluids 
of Phoradendron juniperinum parasitic on 
Juniperus utahensis 113 

Paspalum ciliatifolium 512; Larranagi 512 

Pathogen in the oat smut, Ustilago Avenae, 
Relation of host and 443 

Pathology of maize, The 233 

Paulownia imperialis 47; tomentosa 47 

Paulownia, The relationships of 47 

Pediastrum 62, 586, 598 

Penicillium purpurogenum 236 

Pentstemon 48-50; pallescens 559 

Persicaria 513 

Petasites frigida 338 

Phaca microcystis 403; misera 403 

Phelipaea californica 617 ; comosa 615; erian- 
thera 622; ludoviciana 620; pinetorum 
614; tuberosa 614 

Phleum alpinum 331; pratense 174, 341 

Phlox Drummondii 513 

Phoradendron juniperinum 113, 116 

Phoradendron juniperinum parasitic on 
Juniperus utahensis, Note on the tissue 
fluids of 113 

Phragmites 168; communis 166, 174, 510 

Phyla lanceolata 512, 513 

Phyllobium 599 

Phyllodoce glanduliflora 336 
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Phyllophora Brodiaei 607 

Phyllostachys aurea 534; bambusoides 536; 
mitis 534, 535, 546; nigra 533-535, 537, 
538, 540-543, 545, 547-549, 552-557; 
viridi-glaucescens 534, 535 

Phyllostachys nigra, with special reference 
to atmospheric conditions of temperature 
and moisture, Daily periodicity of growth 
in the bamboo 533 

Phyllosticta carpogena 433 

Phylogeny of maize, The 199 

Physcomitrium 525, 528, 531; turbinatum 
526, 528, 529 

Physoderma 234 

Phytolacca decandra 170, 175 

Phytophthora 493, 495, 496 

Piaropus crassipes 510 

Picea sitchensis 330 

Pilobolus 594, 595 

Pinguicula vulgaris 337 

Pinus 169, 170, 341; contorta 331; monti- 
colensis 239; rigida 168, 169, 172, 174 

Plantago 337; lanceolata 342; major 343, 
424; maritima 333, 337; virginica 512, 513 

Plants from Colorado, New 559 

Plants observed on an excursion to Grand 
Isle, Louisiana 509 

Platanus dissecta 239 

Platycapnos spicatus 39 

Platydorina 359, 364; caudata 364 

Pleodorina 361, 362, 364, 365; californica 
361, 364; illinoisensis 361 

Pluchea camphorata 164 

Pneumaria maritima 337 

Poa alpina 331; annua 331, 513; arctica 331; 
compressa 174, 340, 341; eminens 331; 
gracillima 331; hispidula 331; laxa 331; 
pratensis 331, 340, 341; stenantha 331 

Podosphaera Oxyacanthae 423 

Pollen grains in the identification and clas- 
sification of plants—V. Haplopappus and 
other Astereae: the origin of their furrow 
configurations 21 

Pollen grains, The origin of the six-furrowed 
configuration of dahlia 371 

Polygonella articulata 166, 174 

Polygonum acre 174; amphibium 40; Con- 
volvulus 343; Fowleri 333; prolificum 174; 
scandens 167, 174; viviparum 333 

Polypodium vulgare 330 

Polysiphonia virgata 609 

Polystichum Andersoni 328, 330; Braunii 
330; Lonchitis 330 

Populus deltoides 174; grandidentata 174; 
heteromorpha 239; Lindgreni 239; tricho- 
carpa 333 

Porana 240 

Porphyra microphylla 607; minor 606, 607; 
vexillaris 607 

PORTERFIELD, JR., WILLARD M., Daily pe- 
riodicity of growth in the bamboo, Phyllo- 
stachys nigra, with special reference to 
atmospheric conditions of temperature 
and moisture 533 

Portulaca grandiflora 40; oleracea 40 

Potamogeton filiformis 331 
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Potentilla anserina 335; villosa 335 

Prenanthes hastata 338 

Primula egaliksensis 336 

Protococcus viridis 597 

Prunella vulgaris 337 

Prunus maritima 166-170, 172, 175; sero- 
tina 166-170, 172, 173, 175 

Psalliota campestris 489 

Psedera 172; quinquefolia 166, 167, 169, 170, 
175 

Pseudoparenchyma, The _ tetrakaidecahe- 
dron in 59 

Psiada 24 

Pteridophyta from Mount Roraima, Notes 
on 177 

Puccinellia maritima 331; paupercula alas- 
kana 331; phryganodes 331 

Puccinia coronata 456; graminis 452, 455, 
462, 475; graminis Tritici 455; Helianthi 
462; Sorghi 456; triticina 455 

Pyramimonas 585 

Pyrola chlorantha 336; secunda 336; uligi- 
nosa 336 

Pyrus arbutifolia 167, 175; Malus 175 

Pythium Debaryanum 428, 453 


Quercus 169; agrifolia 618; alba 169; Cha- 
neyi 239; ilicifolia 169; Prinus 169; rubra 
169; simulata 239; Treleasii 239; virgin- 
iana 510, 513 


Ranunculus abortivus 175; Bongardi 334; 
Eschscholtzii 334; hyperboreus 334; muri- 
catus 513; sceleratus 513 

Relation of host and pathogen in the oat 
smut, Ustilago Avenae 443 

Relationships between cell and organ in the 
petiole of Acer, The morphogenetic 1 

Relationships of Paulownia, The 47 

Rhinanthus Crista-galli 337 

Rhizoclonium hieroglyphicum 605 

Rhododendron 288-290, 292, 294, 300, 302- 
310; arborescens 285, 302; calendulaceum 
285, 302; carolinianum 285, 302; catawbi- 
ense 285-288, 291-293, 295, 300, 302, 303, 
308, hirsutum 304, indicum 302; luteum 
302; maximum 285, 302; viscosum 302 

Rhododendron catawbiense, The develop- 
ment of pollen and viscin strands in 285 

Rhus 168; copallina 166-169, 175; glabra 
167, 175, 341; radicans 172, 513; Toxico- 
dendron 166, 167, 169, 170, 172, 175; 
typhina 167, 169, 175 

Ribes bracteosum 334; lacustre 334; laxi- 
florum 334 

Rivina brasiliensis 40; humilis 40 

Robinia 170; pseudo-Acacia 168, 169, 175 

Romanzoffia sitchensis 337 

Roripa clavata 334 , 

Rosa 172; humilis 166-168, 170, 175; rubi- 
ginosa 175 

Rotation in the internodes of Nitella, The 
effect of chloroform upon the 153 

Rubus 510, allegheniensis 341; arcticus 335; 

w Chamaemorus 335; occidentalis 167, 175; 
pedatus 335; procumbens 175; spectabilis 





335; stellatus 335; trivialis 512, 513; 
villosus 167, 170, 175 

Rudbeckia laciniata 343 

Rumex Acetosella 31, 340, 341, 343, 344; 
crispus 167, 174; Langloisii 513 

Ruppia maritima 512 

Rydberg, Per Axel, Notes on Fabaceae— 
XIII 397 


Sabal minor 510 

Sabatia 164 

Saeger, Albert, A method of obtaining pure 
cultures of Spirodela polyrhiza 117 

Sagina decumbens 513; saginoides 333 

Salicornia 164, 510; ambigua 164, 174, 513; 
herbacea 513; mucronata 164, 174 

Salix 510, 513; alaxensis 328, 333; alba 174; 
arctica 333; Barclayi 328, 333; Bebbiana 
333; commutata 328, 333; commutata 
denudata 333; glauca 333; reticulata 333; 
Scouleriana 333; sitchensis 328, 333; sto- 
lonifera 333 

Salpiglossis 42, 376, 377; sinuata 33 

Salsola 171; Kali 166, 175, 512; Kali tenui- 
folia 175 

Sambucus canadensis 167, 170, 175, 513; 
pubens 337 

Sandy Hook, The origin and development of 
the vegetation of 163 

Sanguisorba sitchensis 335 

Santalum 495 

Saponaria 456; officinalis 166, 175 

Sassafras 171, 172 

Saxifraga adscendens 334; caespitosa 334; 
Lyallii 334; nivalis 334; oppositifolia 334; 
tricuspidata 334 

Scapania aequiloba 105, 109; albescens 87, 
88; americana 87, 99, 100, 102-105, 108, 
109; Bolanderi 87-90, 92-105, 108; cali- 
fornica 87; Casaresana 96, 97; caudata 88, 
97-99; gracilis 89, 93, 95-97, 104; granu- 
lifera 87, 105-110; hirosakiana 109; hiro- 
sakiensis 110; irrigua 94; nemorosa 88, 89, 
99, 104-106; parvitexta 109, 110; recurva 
97; Simmonsii 105, 109 

Scapania from western North America, 
Three species of 87 

Scenedesmus 585 

Scirpus americanus 174; caespitosus 332; 
carinatus 513 

Sclerospora 237; graminicola 236 

Sclerotinia 475; libertiana 452 

Secale cereale 445 

Sedum acre 343; integrifolia 334 

Seed-plants and ferns of the Glacier Bay 
National Monument, Alaska, The 327 

Selaginella 277, 278, 281, 306, 525, 526; 
Apus 278-282, 529, 530; Martensii 277, 
279; Riddellii 278, 281; Wrightii 278, 281 

Selaginella, The chloroplasts of 277 

Senecio lobatus 509; pauciflorus 338 ; pseudo- 
arnica 338 

Sequoia Langsdorfii 239 

Serinia oppositifolia 512 

Sesban macrocarpa 510 

Shepherdia canadensis 335 











NaN 


‘rir nh 


rt 








1930 INDEX TO 


Sibbaldia procumbens 335 

Sida 513 

Silene acaulis 334, antirrhina 175, noctiflora 
342 

Silphium 22 

SINNoTT, EpMuND W., The morphogenetic 
relationships between cell and organ in the 
petiole of Acer 1 

Sisymbrium altissimum 342; officinale leio- 
carpum 342 

Sisyrinchium 512 

Sitilias caroliniana 510, 513 

Smilacina stellata 167, 168, 174 

Smilax Bona-nox 513; lamarensis 239; ro- 
tundifolia 167, 169, 170, 174 

SMITH, ALBERT C., Notes on Pteridophyta 
from Mount Roraima 177 

SmitH, A. C., and E. P. Kittie, The South 
American species of Viburnum 245 

SMITH, GILBERT MorGAN, Notes on the 
Volvocales—-I-IV 359 

Solanum carolinense 513; 
175; nigrum 513 

Solidago 172; bicolor 424; caesia 424; lepida 
338: multiradiata 338; rugosa 167, 175; 
sempervirens 166-168, 176 

Sonchus asper 509; oleraceus 513 

Sophora Alexanderi 239; spokanensis 239 

Sorbus sitchensis 335 

Sorosporium Reilianum 460; Saponariae 453 

South America~-XIV. Melastomataceae 
from Colombia and Ecuador, Studies on 
the flora of northern 63 

South American species of Viburnum, The 
245 

Spartina glabra alterniflora 164, 174; juncea 
174; patens 164, 166, 510 

Species in the vicinity of Douglas Lake, 
Michigan, The effect of increased activi- 
ties and change in mode of transportation 
upon the distribution of introduced 339 

Species of Orobanche, section Myzorrhiza, 
Che North American 611 

Specularia perfoliata 513 

Spergularia marina 164, 175; maritima 334 

Sphacelotheca cruenta 494; Sorghi 446, 453, 
457 

Sphaerella 365; lacustris 595 

Sphaerocarpos 459 

Sphaerotheca Castagnei 62; Humuli 423 

Sphenopholis obtusata 513 

Spiranthes Romanzoffiana 332 

Spirodela polyrhiza 117, 118, 120 

Spirodela polyrhiza, A method of obtaining 
pure cultures of 117 

Spirogyra 585 

Sporobolus indicus 513 

Sporodinia 594-595 

Sporogenous cells of certain mosses, Starch 
deposition in the 525 

Stellaria borealis 334; crispa 334; longipes 
334 

Stenosiphon 325. 317, St 328. 323, aaa: 
bracteatus 315; linifolium 315 

Stenosiphon linifolium, Studies on the mor- 
phology of the Onagraceae—-IV 315 


Dulcamara 167, 





VOLUME 57 645 


Stephanosphaera 3065 

Streptopus amplexifolius 332 

Strophostyles helvola 166, 175 

Structure of Chlorococcum infusionum, Life 
history and cell 577 

Studies on the flora of northern South Amer- 
ica—XIV. Melastomataceae from Colom- 
bia and Ecuador 63 

Studies on the morphology of the Onagra- 
ceae—IV. Stenosiphon linifolium 315 

Study in host-parasite relationships, Cicin- 
nobolus Cesatii, a 421 

Suaeda americana 164, 175 

Synchytrium 594, 595; decipiens 594 

Syntherisma sanguinale 174, 513 


Talinum 36; multiflorum 33, 34, 35; patens 
10,27 

Tamarix gallica 513 

Tamonea 65, 66 

Tanacetum 288 

Taraxacum lyratum 338; vulgare 341, 344 

Taraxia 319, 324; ovata 324 

Taxodium 240; distichum 510; dubium 240 

Taxus 306, 341 

Tetradesmus 585 

Tetrakaidecahedron in pseudoparenchyma, 
The 59 

Teucrium canadense 167, 175 

Thelypteris palustris pubescens 168, 174 

Thielavia basicola 123-125; terricola 124, 
125 

Thielavia, Coniothyrium terricola proves to 
be a species of 123 

Thielaviopsis basicola 124 

Three species of Scapania from western 
North America 87 

Thuja 341 

Tiarella trifoliata 334 

Tibouchina oroensis 63, 64 

T.LDEN, JOSEPHINE E., and ANNA PARKER 
FESSENDEN, Bactrophora irregularis, a 
new brown algae from Australia 381 

Tilletia 457, 487; Caries, 445; deBaryana 
453; endophylla 453; laevis 457; Tritici 
447, 457, 487-489, 497 

Tissa marina 512, 513 

Tissue fluids of Phoradendron juniperum 
parasitic on Juniperus utahensis, Note on 
the 113 

Tium 399, 401, 404; amplexum 406; arrec- 
tum 399-401, 403; Arthurii 398: atrati- 
forme 404; atratum 404, 405; atropubes- 
cens 401; brevisetum 397; conjunctum 
402, 403; Drummondii 397; Egglestonii 
405; eremiticum 399, 400, 402; Howellii 
398, 399, 405; inyoense 399; Leibergii 401, 
403; malheurense 400; mensarum 404; 
Michauxii 401; misellum 399, 405; mi- 
serum 403, 404; mokiacense 406; Nevinii 
399; obscurum 402-404; Orcuttianum 
405; owyheense 404, 405; oxytropoides 
402; palans 406, 407; panamintense 405; 
platycarpum 398; racemosum 397, 398, 
405; recurvum 405; remotum 401; reven- 
tum 403; Salmonis 405; scopulorum 398; 
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Sheldoni 402; stenolobium 398; terminale 
$02; Traskiae 399; ursinum 406; Wilsoni 
106 

lococa stellata 73; stephanotricha 74 

Tofieldia intermedia 332 

lorresia odorata 331 

oxic effects of iodine and nickel on buck 
wheat grown in solution cultures 127 

lradescantia 373 

rragacantha Michauxii 401 

rremella botryoides 577 

rrichosporum 318 

Trichostema lineare 166 

rrifolium hybridum 175, 340-342; pratense 
175, 342; repens 342 

lriglochin maritima 331 

rripsacum 199-202, 207, 209; dactyloides 
200, 202 

lrisetum spicatum 331 

l'suga heterophylla 331; Mertensiana 331 

Iwo genera of algae new to Bermuda 38° 

lwo new species of Meibomia from Mexico 
181 

Typha 510, 513; latifolia 1608, 174 

Cvphula 489 


Ilva 586; Lactuca 605 

mbellularia lanceolata 240 

ncinula circinata 424 

rocystis 487; Cepulae 447, 453, 487, 491; 
occulta 446, 453; Tritici 447, 452, 487 
rtica chamaedryoides 513; Lyallii 333 
ruguav, Notes on the algae of 605 

'stilago Avenae 444, 445, 448, 450, 453, 457, 
$58, 460, 462, 466, 467, 469, 474, 475, 494, 
195. 497, 498: bromivora 446; Carbo 444 
146, 453, 481, 487; cruenta 446; Hordei 
$57, 458, 400, 480; hypodvtes 453, 488; 
Ischaemi 488, 489, 491; levis 444, 446, 450, 
453, 457, 458, 460, 480, 486, 491; longis 
sima 453, 460, 486; Maydis 446, 453; nuda 
$48, 450, 451, 453, 457, 458, 474, 475, 492, 
494; perennans 488; Sacchari 452; striae 
formis 450, 451, 480; Tritici 448, 453, 458, 
492- violacea 456, 457, 486, 488, 490: Zeae 
233, 234, 453, 457-461, 486, 487, 491, 494 
stilago Avenae, Relation of host and path 
ven in the oat smut 443 


accaria vulgaris 339 

accinium 285: corvmbosum 167, 170, 172, 
175; ovalifolium 336; uliginosum 336 
aleriana sitchensis 338 

alonia 390, 391, 393; macrophysa 390; 
ovalis 390, 394; ventricosa 389-391, 394 
egetation of Sandy Hook, The origin and 
development of the 163 

erbascum Thapsus 166, 175, 344 

Verbena 510; Bonariensis 513; xutha 513 
Veronica 50; americana 337; arvensis 49; 
peregrina 513 


Viburnum 172, 245, 250; bolivianum 2 
anabaptista 246, 249, 250; antioquiense 
248; apiculatum 251, ayavacense 246, 247, 
255; cornifolium 248, 255; dentatum 167, 
169, 175; divaricatum 248, 256; ferru 
gineum 249; floccosum 247, 255; fragile 
247, 251, 255; furcatum 249; glabratum 
246, 247, 250; Goudotii 246, 249; Halli 
247; Incarum 247, 253; Jamesonii 246, 
249; Jelskii 248, 257; lasiophyllum 246, 
248; laurifolium 252; Lehmannii 248, 256: 
leptophyllum 246, 254; leptophyllum ven 
ezuelense 254; Mathewsii 247, 253, 254: 
obovatum 251; pauciflorum 337; pichin- 
chense 247, 250, 253; pichinchense tole 
dense 247, 250; reticulatum 258; rhyti- 
dophyllum 249; roraimense 248, 256; 
Seemenii 248, 257; Seemeni: bolivianum 
258; Seemenii minus 258; Spruceanum 
247, 254; subsessile 248; suratense 247 
251; tinoides 246, 247, 254: tinoides 
venezuelense 254; Toronis 248, 255; tri- 
dentatum 247, 251; triphyllum 247, 252; 
triphyllum lanceolatum 252; triphyllum 
macrophyllum 252; triphyllum micro- 
phyllum 252; undulatum 246, 248; Urbani 
247, 253; Weberbaueri 246, 249; Witte 
anum 255 

Viburnum, The South American species of 
245 

Vicia ludoviciana 513 

Vigna repens 513 

Viscum 304 

Vitis 169, 170, 172, 510; cordifolia 167, 1 

Volvocales— I-IV, Notes on the 359 

Volvox 364, 365: aureus 365 
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Washington, A new miocene Cercis from 
Idaho and 239 
WEATHERWAX, Pact, The ontogeny of the 
maize plant 211 
WODEHOUSE, ROGER P., Pollen grains in the 
identification and classification of plants 
\. Haplopappus and other Astereae 
the origin of their furrow configurations 
21; The origin of the six-furrowed con 
figuration of Dahlia pollen grains 371 


Xanthium 171; echinatum 166, 176 
Xanthoxalis stricta 513 


YAMPOLSKY, CECcIL, Induced alteration of 
sex in the male plant of Mercurialis 51 
Yucca aloifolia 512 
Zauschneria 317, 323 
Zea 199-203, 205-209, 
Zizaniopsis miliacea 51( 
Zostera 381 
Zvgnema 585-587 


222; Mays 199 
) 

















AMERICAN FERN JOURNAL 


An illustrated quarterly, devoted to ferns, including articles about fern gardens, fern 
distribution, unusal species, state fern floras, etc. About 150 pages each year. The 
first twenty volumes, completed in 1930, comprise nearly 2800 pages. Published by the 


AMERICAN FERN SOCIETY 


Membership (open to all), $1.50 per year, including the Journal and occasional supple- 
ments. Subscription alone: $1.25 (U.S.); $1.35 (foreign). Back volumes, $1.25 each, 
except vol. I, $2.00. Complete set of 20 volumes, $25.75. Members receive 10% discount 
for orders of six volumes or more. Sample copy free on application to R. C. Benedict, 
Brooklyn Botanic Garden, Brooklyn, N. Y., or to E. J. Winslow, Auburndale, Mass. 





THE BRYOLOGIST 


PUBLISHED BY THE 


SULLIVANT MOSS SOCIETY 


The only magazine in English devoted wholly to Mosses, Hepatics, and 
Lichens. Bi-monthly; amply illustrated; for beginners as well as for 
advanced students. Yearly subscriptions, $1.25. Address 


A. TENNYSON BEALS, 2929 BROADWAY. NEW YORK CITY 








ADDISONIA 


A quarterly journal containing beautiful colored illustrations 
and popular descriptions of plants. 

Published by the New York Botanical Garden, Bronx Park. 
Supported by the income of a bequest by the late Judge Addi 

son Brown, aided by subscriptions. 

The fifteenth volume has recently been completed; the six 

teenth volume will be issued during 1931; each volume con 

tains 32-40 full-page colored illustrations. 

\dditional subscriptions are invited at S10 pel volume. The 
earlier volumes are available at the same price. Sample parts 


will be mailed on request. 


NEW YORK BOTANICAL GARDEN 
BRONX PARK, NEW YORK CITY 























COLLECTION OF HARD WOODS 


The complete set consists of 47 specimens of common commercial Ameri 


~~" 


can hard woods, each specimen a panel 3”x7 


in size, labeled with 


common name, scientific name, range of tree, region from which specimen 


originated, mechanical 


data, and uses of the 


wood. Differences in the 


appearance of same wood when cut in different planes, are represented in 


several instances. 


The set includes the following specimens: 


Ash, Plain White 
Ash, Pumpkin 
Basswood 

Beech 

Birch, Red 
Birch, River 
Birch, Sweet 
Buc keye 
Butternut 
Cedar, Red 
Cherry 
Chestnut, Plain 
Cottonwood 
Cypress, Yellow 
Elder, Box 
Elm, Rock 

Elm, Soft 

Gum, Plain Red 


Gum, Plain Red (Figured 
Wood) 

Gum, Plain Sap 

Gum, Plain Tupelo 

Gum, Quartered Red 

(sum, Quartered Red 
(Figured Wood) 

Gum, Quartered Sap 

Hackberry 

Hickory, Shagbark 

Holly 

Locust, Honey 

Magnolia, Evergreen 

Maple, Hard 

Maple, Red 

Oak, Plain Red (Eastern) 

Oak, Plain Red (Southern) 

Oak, Plain White 
(Southern) 








Oak, Quartered Red 
(Eastern) 

Oak, Quartered Red 
(Southern) 

Oak, Quartered White 
(Eastern) 

Oak, Quartered White 
(Southern) 

Persimmon 

Poplar, Plain Yello 

Pop!ar, Quartered Yellow 

Poplar, Sap Yellow 


Sassatras 


w 


Sycamore, Plain 
Sycamore, Quartered 
Walnut, Black 
Willow, Black 


MB 1725 Commercial Hard Woods. Complete sct of 47 labeled 


specimens 


910.00 


MB 1726 Set of 12 labeled specimens (our selection) 3.00 


MB 1727 Set of 24 labeled specimens (our selection) 5.75 


Prompt 
Service 


ee 


AT REASONABLE PRICES 


Guaranteed 


Quality 


New York Biological Supply Co. 


General Supplies for the Biological Sciences 


34 Union Square 


New York, N.Y. 














MEMOIRS OF THE TORREY BOTANICAL CLUB 


A series of technical papers on botanical subjects published at irregular 
intervals. Price, vols, 1-16, $3.00 a volume; vol. 17, $5.00. Not offered in exchange. 
Vol. 15; price, $3.00: 


Howe, Marshall Avery. The marine algae of Peru. Pages 1-185, plates 1-66 +-fig- 
ures 1-44, 19 S 1914. 


Vol. 16, No. 1; price, $1.00: 
Pickett, Fermen Layton. A contribution to our knowledge of Arisaema triphyl- 
lum. Pages 1-55, plates 1-5. 13 Au 1915. 
Vol. 16, No. 3; price, 75 cents: 


Britton, Nathaniel Lord. Description of Cuban plants new to science. Pages 57- 
118. 13 S 1920. 


Vol. 16, No. 3; price, $2.00: 
Shear, C. L., and Stevens, N.E. [Editors]. The correspondence of Schweinitz 
and Torrey. Pages 119-300, plates 6,7. 16 Jl 1921. 
Vol. 17; price $5.00: 


Proceedings of the semi-centennial anniversary of the Torrey Botanical Club. 
Pages 1-496, plates 1-15. 10 Je 1918. 


Vol. 18, No. 1; price $2.00: 


Jackson, Herbert Spencer. Present evolutionary tendencies and the origin of life 
cycles in the Uredinales. Pages 1-108. 5 F 1931. 


Vol. 18, No. 2; (in press) 
Yuncker, Truman George. A monograph of the genus Cuscuta. 
For contents of Volumes 1-14 and for further information about the Memoirs 
Address Mrs. Helen M. Trelease, 
Box 42, Schermerhorn Hall, Columbia University, New York City 








FREAS 
ELECTRIC WATER BATH 


WITH CONSTANT TEMPERATURE 
CONTROL 


Supplied in three different sizes. 


Accurate to 0.2° C. 


Write for further information and 


prices. 
EIMER & AMEND 


Established 1851 Incorporated 1897 
Headquarters for Laboratory Apparatus and 
Chemical Reagents 
Third Avenue, 18th to 19th Street 
NEW YORK, N.Y. 
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ZEISS 


PHOTOMICROGRAPHIC 
EQUIPMENT WITH 5x7 
VERTICAL CAMERA 


Convenient in operation and meeting 
most exacting requirements 


A. OUTFIT FOR TRANSPARENT OBJECTS with 400 Watt Incandescent Lamp. 
Camera with one double plate holder, sleeve for connection with microsco 

table top with optical bench, plane 45° mirror, filter trough holder on rider 
with 2 troughs, centering lens holder on rider, centering lens Z 70/6, Lamp 
housing, one 400 Watt bulb 110 V., adjustable resistance for 110 V., collector 
12.5 (6) cm with iris on rider. Price $238.75 


B. ACCESSORIES FOR LOW MAGNIFICATIONS (as obtained with micro- 
planars, etc.) 
Revolver with accessory collectors 100, 66, 33 for attachment to rider of col- 
lector 12.5 (6) cm (cannot be added later); Centering lens Z 40/6, Condenser 
20 on rider, Iris diaphragm on rider. Price $47.00 


Cc. ADDITIONAL SS ens Y  aageeercepen 
2 extra 5 x 7 double plate holders @ $15 


Aplanatic Focusing magnifier 6x with locknui a's 
6 kits for 34% x 444” plates @ 75c ...... ‘i 


FOR USE WITH VERTICAL ILLUMINATORS (for opaque Pema) Bn 
Collector 14 (3-5) cm with iris on inclinabie rider 


Additional cost oa a clock-feed arc lamp instead of _r ga lamp $48.00 
for 110 V. . 2 wo Ae Oe Oe 


CARL ZEISS, INC. 
485 FIFTH AVE., NEW YORK 
Pacific Coast Branch: 728 South Hili Street, Los Angeles, Calif. 
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